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INTRODUCTION. 

The nitrate deposits, discovered in 1809 in the desert of north- 

ern Chile and later developed over widespread fields in the prov- 

inces of Tarapaca and Antofagasta, have long held high rank in 

mineral production. Since 1825, when 935 metric tons of sodium 
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nitrate were recovered (I., p. 49), production has increased to 

about 3,000,000 metric tons per annum valued at $150,000,000 

(IL., pp. 505-506). The total production from 1825 to date is 

near 60,000,000 metric tons of sodium nitrate worth at normal 

exchange somewhat over two billion dollars. Iodine also is an 

important by-product. 

Because of the confinement of production to the Chilean desert, 

for many years Chile held a monopoly of the world’s supply of 

saltpeter. Recently the synthetic production of nitric acid has 

threatened the supremacy of the natural product; but the high 

cost of the process indicates, for the present, prosperity in the 

Chilean industry. 

The occurrence, unique to these deposits, and the importance 

of so profitable an industry have drawn widespread comment. 

The literature regarding the nitrate fields is voluminous.? Nu- 

merous discussions of mining and treatment have been published. 

Though, curiously, few contributions regarding the geology of 

the fields are available, many quite divergent hypotheses of the 

origin of the deposits have been suggested with the universal ac- 

ceptance of none. 

The present investigation, comprising a detailed study of a 

field of some 500 square miles to the southeast of Aguas Blancas 

and a more general survey of the Cordilleran region and most of 

the producing nitrate fields, has, however, resulted in the obtain- 

ing of interesting data. These facts and their conclusions are 

presented with the hope that they may somewhat enlighten the 

obscurity that has involved the problems of nitrate deposition. 

In the field, information and assistance were obtained from 

many sources. It is a pleasure to acknowledge the interest and 

help of Mr. H. H. Hoey, of Oficina San Donato, Iquique; of Mr. 

A. E. Whittey, of Oficina Isable, Tocopilla; of Sr. Fernando 

Damke, of Aguas Blancas, and of Mr. J. H. Alvis, of Antofa- 

gasta. The codperation of Mr. Huntington Adams and his staff, 

the able assistance in the field of Mr. William Guy Lance and Mr. 

1 Figures in parenthesis refer to the bibliography. 
2 Only more important references are listed in the bibliography. 
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L. C. Baena and the kindly criticism of Messrs. Allen H. Rogers 

and H. R. Van Wagenen were at all times appreciated. Especial 

indebtedness is due Dr. Waldemar Lindgren, who corroborated 

many geologic data and developed independently hypotheses of 

origin of the deposits similar to those to be described. 

THE NITRATE REGION. 

General Features. 

The cliffs of the north Chilean coast rise bare and precipitous 

from the narrow border of gravels at the sea to a serrated sky 

line. Farther inland where the coastal mountains descend gently 

to the plateau of the Central Valley, the glaring desolation of the 

desert to the east is even more marked. No slightest trace of 

vegetation is to be seen; animal life, except where introduced by 

man, is absent; smooth, gravel-coated slopes and wide, hot plains 

are bare. Here during summer, temperature and humidity 

changes are remarkably constant. At Aguas Blancas in 1917 the 

curves of daily records swung regularly from a nightly minimum 

of 10° C. to a noon maximum of 30-32° C. Humidity varied 

inversely with temperature from 40 to 55 per cent. Winter 

fluctuations were less uniform; noon temperatures rarely rise 

above 25° C. and at night the mercury often fell too° C. Hu- 

midity varied considerably, often reaching saturation at night. 

Fogs or camenchacas blow in from the sea in Tarapaca and Toco- 

pilla, but farther south are not encountered. Rain is rare; light 

showers may fall in a year, but heavy precipitation comes but 

once in six to seven years. 

Where the gravel-covered hills rise east of the Central Valley 

toward the high Andes traces of precipitation increase, and at 

elevations of 3,000—3,500 meters in these eastern ranges, shrubs, 

small plants, and animal life are encountered. Near small springs, 

usually gravel pockets, vegetation and herds of guanaco may be 

seen. 

The region is essentially arid. Topographically it may, in a 

general way, be considered composed of the Coast Range, the 
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Central Valley and the high eastern ranges with their foot hills. 

More detailed examination, however, tends towards its subdivi- 

sion from north to south into three provinces (see Plate IX.). 

Topographic Provinces. 

The Tamarugal Area—tThe first of these extends Lat. 19° 

30’ S. to Lat. 22° 30’ S. and includes the nitrate fields of Tara- 

paca and Tocopilla. To the north the Coast Range is narrow, 

some 15 kilometers in width, but broadens to the south to about 

40 kilometers. It rises from the sea in precipitous cliffs attain- 

ing an altitude of 600 meters and at Iquique extends inland in a 

series of successively rising, rounded hills separated by deep, 

alluvium filled valleys. At its eastern border it descends through 

low hills to the flat valley of Tamarugal at about 1,000 meters. 

The Tamarugal or Central Valley is continuous throughout 

the area, is roughly north-south in extension and is narrow at the 

north, but broadens in a short distance to a width of some 20 

kilometers. On the western slopes toward the Coast Range occur 

the nitrate deposits. To the east of these at the lowest points in 

the valley are found in Tarapaca the salares or salt and borax 

beds and in Tocopilla the Rio Loa on its north-flowing course. 

Farther to the east the valley rises gently through the great part 

of its width to the steep slopes leading to the mountains. 

In Tarapaca the range east of the Tamarugal Pampa is the 

western chain of the Andes. The peaks here are of great alti- 

tude (5,000 + meters) and form a continuous serrated line cut 

by deeply intrenched valleys. East of the Tocopilla field, lower 

mountains are a westerly offshoot of the true Andes and may be 

called the Cordillera. Here farther to the east in succession come 

the valley of the upper Loa and the high Andes at the Chilean 

border. 

The Antofagasta Area.—In the second province, included be- 

tween the Rio Loa at Calama (Lat. 22° 30’ S.) and the Taltal 

boundary (Lat. 24° 40’ S.), the Coast Range extends inland from 

Antofagasta and the striking promontory of the Morro de Mejil- 

lones in ranges more broken and rugged than those of the north. 
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It is cut by sharply defined, elevated valleys at Antofagasta, 

Mejillones and Blanco Encalada. 

Though the Tamarugal Valley penetrates che province in the 

Llano de la Paciencia, the clear cut, continuous Central Valley 

of the north is absent. 

Valleys of southeasterly direction, and upon the slopes of one 

of which lie the nitrate fields of the Antofagasta or Pampa Cen- 

tral, dominate the northern ill-defined central depression. Farther 

south this depression is dotted with isolated basins with their 

salares amid broken hills until finally it opens into the basin, some 

50 kilometers in length, and 1,200 meters in elevation, of the 

Central Valley of Aguas Blancas. Here low hills rise above the 

floor and towards the west on their slopes is found nitrate. 

To the east, the central depression is bounded by a series of 

rounded hills attaining altitudes of 2,000 meters. At El Boquete, 

Pefion or Pan de Azucar and elsewhere nitrate occurs on the 

slopes and tops of these hills. Some 40 kilometers farther east 

the foothills rise to the heights (3,500 meters) of the Cordillera 

Domeyko from which gentle slopes lead down to the flat plateau 

of the Altiplanicie with its great salares of Punta Negra and Ata- 

cama. From the salares, the steep flanks of the Andes, cut by 

deep valleys with flowing streams, ascend to summits that attain 

6,750 meters. 

The Taltal Area.—South of the Taltal boundary, the foothills 

of the Cordillera extend to the continuation of the typical Coast 

Range of Antofagasta. Even the obscure Central Valley of the 

Antofagasta area has disappeared. Nitrate here occurs on the 

slopes and tops of low rounded hills separating basins with small 

salares or dry valleys leading to the sea. Rising east of these 

hills, the Cordillera Domeyko of the north changes direction to 

east-west and merges with the southerly continuation of the 

Andes, unfortunately with no change of name. At the Chafiaral 

boundary (approx. Lat. 26° S.) the true Andes are called Cordil- 

lera Domeyko. 

Summary.—The Coast Range, though broadening somewhat 

and becoming more rugged to the south, is continuous throughout 
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the region. It is cut by deep valleys, elevated usually, but oc- 

cupied by the Rio Loa near Tocopilla. 

The Central Valley, the feature of primary interest in connec- 

tion with the nitrate deposits, is modified importantly in the three 

provinces by the mountains to the east. The straight range of 

the Andes permits the well-developed valley of Tarapaca. In 

Tocopilla the valley, still continuous, is slightly modified by ir- 

regular excrescences of a Cordillearon range divergent from the 

Andes. The continuation of this range, swinging westerly, de- 

termines the marked irregularity of the central depression in the 

Antofagasta pampa, until, upon joining the Coast Range, it gives 

place for the Aguas Blancas basin between the latter and the 

Cordilleran foothills. These foothills, in turn upon merging with 

the Coast Range, obscure the Central Valley of Taltal. 

The Cordillera north of Calama lies roughly parallel to the 

Cordillera Domekyo with direction west of south. The volcanic 

Andes, in a continuous line of southeast direction, extend to a 

knot of peaks west of the Salar de Atacama where the range 

changes direction sharply to southwest. This chain encounters 

the Cordillera Domekyo in Taltal. 

Geology. 

Mesozoic sedimentary and volcanic rocks constitute the base- 

ment of the region. Folded, faulted and intruded by masses of 

igneous rocks, in post-Cretaceous times, they form the Coast 

Range, intersect the surface of the Central Valley and underly 

the Cordillera and Andes to the east. Early Tertiary valleys, cut 

in the uplifted Mesozoic masses and drainage into the sea, were 

filled with sandstones, tuffs and lavas. More recently, after a 

period of great uplift and faulting, erosion and the deposition of 

desert deposits, accompanied by marked volcanic activity in the 

Andes, have imposed the topographic configuration of the pres- 

ent surface. 

Lower Jurassic—The oldest exposed rocks of the region are 

probably of lower Jurassic age. Flows of basalt, andesite and 

rhyolite alternating with similar tuffs attain great thickness. On 
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the Pampa Pejfion, southeast of Aguas Blancas, these rocks are 

exposed in a section of approximately 1,500 meters. 

Aéroplano Formation 300-_m. Red sandstone and shales intercalated 
in volcanic flows and -tuffs. 

Upper Pefion Formation 350 m. Dark red andesitic flows. Yellow 
andesite tuff; intercalated red rhy- 
olites, brown-red basalt, andesite 
and red rhyolite flows. 

Carmen limestone Thin metamorphosed limestone. No 
fossils. 

Lower Pejion Formation 850 m. Red shaly andesite tuff. Reddish an- 
desite and rhyolite flows. Buff to 
red andesite and rhyolite tuff. 
Brown andesite (rhyolite) flows. 

Lower Jurassic volcanic rocks correlated with the Pefion Series 

outcrop to the north at El Bogete and Domeyko and to the west 

of Caracoles. They underlie a great part of the Central Valley 

and compose the eastern slopes of the Coast Range from Tara- 

paca to Aguas Blancas as well as the inter-montane hills of the 

Taltal Pampa. 

Middle Jurassic_—Overlying the Aéroplano formation at the 

Pampa Loreto, near the Cordillera Domekyo, are massive gray 

limestones interstratified with volcanic rocks and of unknown 

thickness. They are somewhat doubtfully correlated with middle 

Jurassic limestones in Chafiaral (III. and V., p. 694); but are 

continuous to the north beyond Caracoles and southward along 

the west flank of the Cordillera. They outcrop in the Coast 

Range east of Iquique at Huantajaya and near Pisagua. This 

belt continues to the south and has been observed in the eastern 

slopes of the Sierra Vicufia McKenna and the Coast Range of 

Taltal. 

Upper Jurassic—Thick beds of red sandstone and shale with 

intercalated lava and tuffs compose the upper Jurassic of the 

region. From Arica, where the cliffs of the Morro have been 

stated to be of mid-upper Jurassic age (VI., p. 9), these rocks 

probably form much of the western Coast Range to south of 

Taltal. They are found widespread in the Cordillera Domeyko 
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and probably compose the base of a great part of the high eastern 

ranges. South of Taltal they underlie the poorly defined Central 

Valley in Chaiaral. 

Cretaceous.—The presence of Cretaceous rocks in the region 

is uncertain. The typical lower Cretaceous of Chafiaral and 

Copiapo (VILI., p. 6, pp. 13-16) has not been observed and it is 

believed the described Cretaceous of the Coast Range is perhaps 

of earlier (Odlitic) age (VI, p. 9). 

Post-Cretaceous Intrusion—At the end of the Cretaceous 

great masses of igneous rocks were injected into the superincum- 

bent strata. Granodiorite intrusions of batholithic size cross- 

cutting strata are to be observed in the Cordillera Domekyo. 

Smaller areas of igneous rocks often of dioritic or monzonitic 

composition occur north of Calama and in many places in the 

Central Valley, the Coast Range and the Andes. Such intrusions 

determine the prominent Cordilleran ranges. 

Subsequent to and probably caused by the intrusive activity, 

mineralizing solutions had access to the rocks. Silver veins were 

formed in limestones, copper and gold were deposited in igneous 

rocks, and great masses of porous or fractured rocks were severely 

altered, in places as at Pefion being nearly completely silicified. 

Post-Cretaceous Deformatiou.—During a period no doubt 

overlapping late igneous phenomena, the region was subjected to 

lateral compression. The Mesozoic strata were strongly folded 

and faulted; the igneous rocks were jointed. At this time the 

dominant structure of the basement rocks was developed. 

This structure is essentially that of a geanticline. Predominant 

westerly dips of the upper Jurassic sediments near the sea at 

Antofagasta are succeeded to the east by nearly horizontal lower 

Jurassic strata at the Central Valley. Minor and complex folds 

between mark the Coast Range. East of the Central Valley of 

Aguas Blancas the eastern geanticlinal limb, fluted with minor 

folds, dips south of east in the complete Jurassic section. Faults 

of principally lateral displacement (strike-slip faults) strike 

nearly 45° to the axes of folding. 
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Geologic History. 

Post Cretaceous Folding, faulting and mineralization. 
Intrusion of igneous rocks. 

Upper Jurassic Sedimentation with : sor Chaiaral Formation volcanic activity. : 

Middle Jurassic Deposition of limestone with ; , : . ie Loreto Formation volcanic activity. 

Lower Jurassic Predominant volcanic Aéroplane Formation 
activity. Peiion Formation 

Physiography. 

Early Tertiary—tThe uplifted masses of the Post-Mesozoic 

mountains were subjected to intense erosion during early Ter- 

tiary times. The thick deposits of great extent near Lake Titi- 

caca indicate lakes in the inter-Andean basin similar to the lakes 

of the Great Basin of North America and consequently a wet 

climate. Deep valleys were carved from the heights, roughly 

coincident with the present Andes, on steep, uninterrupted slopes 

to the sea. Such vallevs, containing gravels of early Tertiary 

age, may be observed in the Andes of Tarapaca (VIII., p. 308). 

The old topography is seen in many remnants in the Cordillera 

and elevated valleys are striking in their occurrence in the Coast 

Range. 

At the close of this erosion the mountains were of an altitude 

probably no greater than 2,500 meters (VIII., p. 309) and were 

drained by many streams flowing westward. The relief ex- 

hibited in the filled remnants of the intermontane depressions of 

this age, however, indicates a topography distinctly young. 

Mid Tertiary.—In the Miocene according to Briiggen (VIIL, 

p- 310), great volcanoes near the western margin of the Bolivian 

altiplanicie poured out liparitic tuffs and lavas filling the early 

valleys of Tarapaca to a depth to the east of 500 meters. West- 

ward the liparites thin out and merge with sands and gravels 

under the Tamarugal Valley. Similar deposits are described 

north of the nitrate region near Arica (VI., p. 18), and have 

been noted in the upper Loa Valley ; but appear absent west of the 

Cordillera in Chile south of Lat. 23° S. 
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Fic. 29. Ideal section of Cordilleran Valley of Tarapaca. 
1. Folded Mesozoic Basement. 
2. Early Tertiary gravels. — Pre-Miocene-Interbasement valleys, a. 

3. Liparite tuff and lava. : 
+ E | Miocene. 
4. Sands and gravels. 
5. Gravels. Post-Miocene-Interliparite valleys, b. 

6. Sand and gravel. 
7. Volcanic rocks. Post-Pliocene-Present valleys, c. 
8. Surface detritus. 

Late Tertiary-Recent.—Uplift of early Pliocene age (VIIL., 

p. 310) was accompanied by faulting. At the coast, beaches 

have been elevated at least 200 meters (IX. and IV., p. 528) and 

inland, in the Andes remnants of early topography may be ob- 

served at elevations of 3,000-3,500 meters. Normal faults de- 

termine the graben of the Central Valley, lesser faults of similar 

north-south strike occur to the east, and a striking feature of this 

period is the great scarp of the coastal fault. These movements 

have persisted to recent times; earthquakes are common in the 

region and a fault intersecting alluvial fans has been noted,* 

near Salar del Carmen, in the Coast Range. 

With uplift began the activity of the volcanoes now dormant in 

the Andes (X.). The high peaks and surrounding flows and ash 

beds attained maximum eminence probably during latest Tertiary 

times. The barrier of this lofty range to winds from the east 

and the cold Humboldt current of the western sea combined to 

lower the moisture content of winds encountering the land. 

Therefore, though erosion was accelerated by the uplift, it has 

proceeded in the arid cycle of a desert climate and in the manner 

to be observed today. 

3 Personal communication of W. Lindgren. 
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Physiographic History. 

Pliocene to Recent Surface detritus in present) 
valleys 

Volcanic activity of Andes { 
Uplift and faulting J 

Arid Cycle 

Post Miocene Gravels and sands in interli-) ; 
Fes ss ¢ Second Cycle paritic valleys J : 

Miocene Gravels and sands with Liparite} 
tuffs and lavas =. 

+ First Cycle 
Pre Miocene Early gravels in interbasement | 

valleys. J 

The Arid Cycle. 

Primary Basins——Desert conditions, beginning with uplift, 

superimposed their effects on a surface characterized principally 

by a longitudinal faulted graben between mountains at the coast 

and elevated volcanoes in the Andes; but modified by a residual 

Tertiary topography. Deep valleys but partly filled, and rugged 

chains of peaks composed of more resistant intrusive igneous 

rocks were typical of this early topography. Its effect, however, 

in the north was obscured by relative depression of the graben, 

greater than in the south. The inclosed drainage of the north, 

therefore, was dominated by the primary basin of the Tamarugal 

Valley. More complex conditions in Antofagasta and Taltal 

were due in part to lesser depression and here numerous original 

basins between ranges still prominent in the Central Valley had 

been carved by Tertiary erosion. 

Method of Erosion.—In the desert, each isolated primary basin 

acts in youth as the base level of erosion of the slopes draining 

into it. These slopes, being bare, expose the rock and gravel at 

the surface to the cutting of intermittent streams, to wash on 

flatter areas, and to sorting and transportation of fine material 

by winds. Streams, discontinuous at their lower ends, soon de- 

posit their loads and thus steep, rocky and serrated slopes flatten 

to smooth, washed inclines laden with gravel, which farther below 

merge into basins and short tributary valleys, filled deep with 

gravel and often containing salares. 

As erosion progresses toward maturity the altitudes of ridges 
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separating basins are decreased, and the products of their disin- 

tegration spread about them. The flanks of rounded hills are 

clothed in mantles of sand and polished subangular fragments. 

Lower basins now demolish their walls and capture more elevated 

drainage centers. Debris is in consequence transported anew to 

the lower base level. Tributary valleys are rejuvenated and may 

became adjusted to structure or subsequent. Thus at maturity 

the lowest base level or primary basin, though elevated by depo- 

sition above its original altitude, has captured all higher depres- 

sions and a widespread system of valleys drains to its center. 

Old age will follow, if the bounding mountains still prevent de- 

flection of the drainage to the sea, in the obliteration of relief and 

the development of flat wind-swept plains.* 

Varying Results——That the terms as briefly described above of 

youth and maturity are to be applied to the topographic provinces 

of northern Chile implies merely the extent to which the cycle 

has completed its work. Though the time of arid erosion has 

probably been the same in all areas, the lessening of even small 

precipitation with decrease of relief and the differences in char- 

acter of primary basins have given rise to present variations. 

Thus, in the Tamarugal area, the deep original depression 

caused active erosion. The cyele progressed fast, older valleys 

and peaks were soon obliterated or buried in the Central Valley 

and now its flat floor is distinctly of latest maturity or of early 

old age. The Rio Loa, formerly no doubt draining into this 

valley, now reaches the sea probably through a renewed Tertiary 

valley whose upper remnants may be seen in the Cordillera. 

Through this channel the drainage of the basin may be deflected 

in the future and the old age of the cycle interrupted. 

In the Antofagasta area, Tertiary topography of great relief 

and relative uplift less than in the north, have retarded desert 

erosion, and many of the primary basins still exist. 

In the northern part of the area the Tamarugal depression, 

with its bounding faults, swings to the west upon encountering 

masses of intrusive rocks in Cerro Solitario west of Sierra Gorda 

4Cf. W. M. Davis, “ Geographical Essays,” Boston, 1909, pp. 296-322. 
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and dies out among similar masses in the Coast Range extend- 

ing to the Morro de Mejillones. The prominent valley of the 

Pampa Central nitrate fields is underlain by volcanic rocks prob- 

ably of the Pefion formation and appears to follow a modified 

Tertiary valley debouching at Antofagasta. Areas of intrusive 

rocks determining prominent peaks and semi-isolated basins sep- 

arate the Central Pampa from El Boquete where nitrate is found 

in foothills composed of Jurassic volcanic rocks and east of the 

renewed eastern graben fault at Salar Mar Muerto. South of 

this salar the Aguas Blancas basin underlain by Pefion volcanic 

rocks is bounded by faults often cutting triangular facets on 

ridges adjacent to the valley. A widespread system of broad, 

gravel filled valleys, whose subsequent tributaries are often well 

adjusted to post-Cretaceous faults and structure, drains to the 

center at Aguas Blancas. At the nitrate deposits of Pan de Azu- 

car or Pejion the type section of the lower Jurassic was observed 

among such valleys in the foothills. In this province, the areas 

of volcanic rocks have reached a mature stage of arid erosion. 

Intrusion in the volcanic series at the north, however, offering 

marked resistance to Tertiary erosion and probably to the latest 

faulting, appear to have prevented in places the present cycle 

progressing beyond late youth. 

Similarly, in the Taltal area, intrusive outliers of the batholith 

of the Cordillera Domekyo, encroaching on the central depres- 

sion at the Antofagasta boundary obscure the valley. Smaller 

intrusive masses penetrate the lower Jurassic volcanic rocks in 

the nitrate fields and, extending southwesterly through the Coast 

Range, probably form the coastal projection south of the port of 

Taltal. The late youth of this area is due in great part to such 

geologic conditions and to slight depression of the Central Valley. 

The Occurrence of Salts. 

During the development of the desert topography, the salts 

formed have been deposited with the gravels on hill-slopes or have 

been carried to the basins of ultimate deposition. 

Salares——Thus at the lowest points of the present enclosed 
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drainage are often found salares or salt-flats, which following 

the line of the general central depression extend from the great 

Salar de Pintados, east of Iquique, to smaller areas of salt beds 

east of Antofagasta. Salares occur also in the Coast Range, and 

in the high basins between the Cordillera and the Andes. 

In Tarapaca the salar presents a peculiar aspect. The surface 

is usually rough with low rounded projections but is in general 

horizontal. The composition appears to be principally of sodium 

chloride with smaller amounts of sodium sulphate, and the chlo- 

rides and sulphates of lime, magnesia and potash. Borates are 

known to occur and have been extracted from impure lavers at or 

near the surface at Pintados. Here the ground water, pooled in 

the deep gravels of the Tamarugal basin, reaches near the surface; 
in fact salt (NaCl) of commercial purity forms from the evap- 

oration of water seeping into trenches dug in the surface of the 

salar. 

The smaller salares of the more southerly Central Valley seem 

in all ways similar to that of Tarapaca ; but the Salar del Carmen, 

8-10 kilometers east of Antofagasta, and in the continuation of 

the valley of the Pampa Central, has a unique peculiarity. On its 

surface nitrate “ grows”’; “ efflorescences”’ of sodium nitrate are 

said to justify extraction every four to five years. 

The salares of the Andean region, of interest due to a possible 

genetic relation to the more westerly salt deposits, lie in isolated 

basins near the dormant volcanoes of the range. They are sim- 

ilar in general characteristics to those of the nitrate fields; but 

contain often considerably more borates. Ulexite is mined from 

the Salar de Ascotan and is known to occur in other Andean beds. 

The salares are typical of late maturity and of youth of ero- 

sion. In the young basins of the high eastern ranges deposition 

has formed but shallow deposits, and accessions of water, carry- 

ing solutes, are quickly evaporated. On the other hand wide- 

spread drainage emptying into the great mature depressions often 

fills the thick gravel beds of the floor and permits evaporation at 

the surface. Small salares, however, occur throughout the region 

where proper determinant relations of water supply and basin 

filling exist. 
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Tue NITRATE DEPOSsITs. 

On slopes, often above salares but in many places with no rela- 

tion to salt flats, occur beds of salts valuable for their content of 

sodium nitrate. 

These, the nitrate deposits, occur all near the more or less 

well defined central depression of the region or in the hills bor- 

dering it to the east. Here have been observed none of the de- 

posits of Tertiary fluviatile or of late Tertiary volcanic origin. 

The nitrate fields are underlain by volcanic strata of Jurassic age 

and by recent debris. Quite evidently the deposits have been 

concentrated in most recent geologic times contemporaneously 

with the formation of the present topography and are intimately 

related to the development of the arid cycle. Due to such rela- 

tions, they vary in their position on slopes and in area in different 

fields; but wherever observed present typical characteristics of 

composition in relation to the surface. 

Vertical Distribution of Salts. 

At the surface is a gravel composed of small, polished and 

angular rock fragments with little sand between. Little or no 

salt is present here. Just below the surface occurs (1) a sandy 

crystalline salt, predominantly sodium sulphate, which. in places 

is cemented to form a skeletal, porous structure. Below this bed 

lies (2) a hard but somewhat porous cement gravel locally called 

“panqueque.” The pebbles and sand of this gravel are cemented 

by sodium sulphate. Soft, white, “fluffy” salt (3) is found 

under the “panqueque” and is composed of about 85-90 per 

cent. sodium sulphate and 10-15 per cent. sodium chloride with 

traces of nitrate. Next below, comes (4) a sand or gravel 

cemented by salts with less sulphate, much more chloride and 

more marked traces of nitrate. The gravel farther below (5) 

is cemented by salt of high nitrate content and is the “caliche” 

or nitrate ore mined in the industry. Underlying the caliche 

occur (6) fractured rock or gravels not cemented but often con- 

taining salt. 

The nitrate-bearing bed, usually described as overlain by barren 

> 
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gravel to an average depth of 2 to 3 feet, is thus merely the lower 

part of a zoned blanket deposit of salt which fills open spaces 

and cements gravel or broken rock near the surface. The zones 

described may one or more be locally absent; but the gradation 

from salts high in sodium sulphate near the surface, through salts 

predominantly chlorides, to deeper layers of nitrate is general. 

The caliche or nitrate bed is found outcropping only in rare oc- 

currences where the upper portions of the typical deposit have 

been cut by a dry stream bed. 

The Chilean miner early recognized the bedded zoning of the 

deposits and applied a nomenclature which has often been de- 

scribed. The various layers to which he has given specific names 

are, however, transitional one into another and are, therefore, 

obscurely delimited. They vary in thickness and physical char- 

acteristics; but in chemical composition are typically distinct. 

Chuca.—The surface bed, called chuca or chusca, includes the 

first three salt-bearing zones described above. - At the surface 

scattered pebbles, isolated by wind action, are underlain by sodium 

sulphate (thenardite) with gypsum, bloedite (MgSO,-NaSQ,-- 

4H,O) and more rarely ulexite, the hydrous borate of soda and 

lime. A few inches of this salt, nearly pure and of sandy or 

Analyses of Chuca. 
Soluble: 
Sat and Sac estates 14.3 15.3 
END od cinpeta'eies siecisss oes MeR Ngee DERE es 6.2 7.5 
SEE, CSS Sere Set Ena Aer SAREE 24.9 20.9 
RAD gos oc cts mins cuales enaroi seam 30.4 46.5 
PEDNED) Soin cee e nee ta thee ites 5.9 — 
PROSDNOMC GCI (oc. Sconce sae ss 2.9 3-9 
BOM ITO. cee cease oseteee 4 0.3 
RAG 5 (UR EWR sae S ae oc Pree ee eee 10.6 4.2 
BAGISTUNE «oc cocucn eco s cuak ei esios bs 4.7 2.1 

100.2 100.4 
dasoluble \od0330 a Voss AE es 79.3% 89.3% 

porous character and of light gray or brown tone, are an almost 

universal feature of desert slopes. In fact where this deposit, as 

often happens, is not underlain by nitrate, its dark color when wet 
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by dew or fog may give an erroneous but often accepted indica- 

tion of nitrate. Similarly common are the underlying beds of 

gravel cemented by sodium sulphate, with sodium chloride. This 

hard, light brown “panqueque” may locally merge into purer 

white beds of loose gravel and is of higher sodium chloride con- 

tent near its lower extremity. The chuca may attain rarely a 

thickness of 20 or more feet. 

Costra.—The fourth zone has been called costra. Here, in a 

buff or brown cemented gravel varying from a few inches to 

several feet, the sulphate content is less, sodium chloride pre- 

dominates and sodium nitrate appears, increasing in quantity 

downward. Gypsum, bloedite, thenardite, and the chlorides and 

nitrates of soda, potash and magnesia occur. In Tarapaca where 

the “ panqueque” is locally absent and the chuca is largely un- 

cemented, the costra is often the first consolidated bed met in 

depth. Though the use of the word is disappearing and much of 

former costra may now be considered minable caliche, the high- 

chloride, low-nitrate zone is found in all deposits. 

” 

Analyses of Costra (XI., p. 8). 

i. II III. IV 

as PIE. le dod ete sale cow 14.6 13.6 6.1 8.8 
ODE fo aiacs co cata eisisihitr neo 4012 Stes. 6 Si0 3 1.7 1.3 -— 
DRS ones os ae Tee aw See's ere 27 19.3 18.0 29.2 
IR Sooty hk saat Lave Sia pete ucticsaiayera — 6.7 20.0 — 
SERMON gs wos si5 cab oct ass pores s 3.8 2.7 6.8 — 
DOE rs cthnG OFC Gs chiki s oh eee 7-5 9-7 — — 
Ee Scare Bia os 6 aya oisikle SMe de tM 4 -- — — 
CoE hepato Soa ae eee 0.1 0.1 —_ 0.1 
Ee ene eee Pn 2.6 2.4 — — 
IR oi pgra ne 5. wcoth ca aha gcearscnaiwia 8 aC 42.2 44.0 52.0 Undetermined 

100.1 99.8 102.9 

I. and II. Costra, oficina Alianza, Tarapaca. May be termed low grade 
caliche. 

Caliche-—The term caliche has recently become extended in 

application. Reserved formerly for material high in nitrate (25 

per cent. or more), it is in general use now for any nitrate-bearing 

material. Thus the word costra has lost significance; costra may 

now be termed low-grade or unworkable caliche. Such practice 
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is in accord with the relation of costra or low grade caliche to 

minable caliche. The two are often in one consolidated bed the 

upper portion of which contains much sodium chloride, and less 

nitrate, passes by transition into higher nitrate content below. 

The caliche is usualy in a hard, compact bed, which rings under 

the hammer, and buff to brown ‘in color. It varies in thickness 

from a few inches to several feet. The sand or gravel cemented 

is fine in grain but contains little slimes. Fissures or cracks in 

the bed are filled or coated by pure salts often of botryoidal 

structure, and of white or lemon yellow color. In places occur 

flat beds of high grade material. Such a bed when white in color 

is caliche blanco, and may be crustified or be composed of delicate 

white needles, of vertical attitude, more or less consolidated, and 

alternating with massive layers to give an appearance similar to 

that of the jointing of bamboo. Caliche of this type is also 

sulphur yellow, violet or reddish in color, and certain weathered 

volcanic rocks impart bright reds, yellows and browns to the 

nitrate cementing their decomposed gravels. Though the com- 

mon bed of caliche is usually single, high-grade layers of caliche 

blanco may underlie a bed by several feet, thus forming double 

or triple nitrate-bearing horizons. Pure salts where bed rock is 

near the surface often penetrate the joints of the rock and line 

cavities. Even in such deposits, however, the caliche is not at the 

surface, but is covered often thinly by the typical superincumbent 

zones. Nitrate beds outcropping have only been observed in the 

upper courses of dry streams which have dissected gentle, nitrate- 

bearing slopes due to their cutting back from the steep slopes of 

their lower valleys. 

Nitrate in all classes of caliche is accompanied by chlorides, 

sulphates and rarer salts. Anhydrite, gypsum, mirabilite, then- 

ardite, bloedite, epsomite, glauberite and halite occur. Rarer 

minerals such as darapskite, a hydrous sulphate and nitrate of 

soda; nitroglauberite, a similar salt; ualtarite (CaIl,O,), and 

dietzeite (7CaI,O,-8CaCrO,) have been described. Bromine is 

of doubtful occurrence in the deposits, but iodine is always pres- 

ent and considerable amounts of potassium chlorate (exception- 

a. fh et 4 aera A 
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ally as high as 6.78 per cent. KCIO,) have recently been noted. 

The nitrates also contain small amounts of borates, and traces of 

rubidium and lithium (XII., pp. 255-256). 

ANALYSES OF CALICHE. 

A B. CG D. 

(OOS | OS i ee eae 28.54 53-50 22.73 27.08 
SS MARES ae eae eee Trace 17.25 1.65 1.34 
ES pe ee are ee 17.20 21.28 41.90 8.95 
(2 Ss reo sate even See are 5-25 
BEM Ao Ce Ue cn eae cance Omen Rea cee eee ee 28 
BEM. 0 So becterwicl f+. Sans 3 Trace 73 Trace Trace 
RS 5 C5 cous a1u60.0\%.04 © 5-40 1.93 -94 None 
EAD ic Scns cabelas es 36 3-43. 1.35 3-13 None 
RMR ri at a Sande fp ssac.'o a ial 5p 2.67 .48 4.80 2.89 
PRROROT s  h ee e's wg ws, 2 -49 56 -53 -52 
Dn con ca sche tes kass < MOF) Ns 5 cme So dain ahetaw's bsg oe bee loeb ceiseceo 
Ll REE ee eee ee .033 OI .07 .08 
PURO MINEI Se tos tees ws © Trace Trace Trace Trace 
TS DL OE ae ees ane as Bree eae ye shee Trace EERO beans) am aincers 
SIN sos owes sa 8 leven © 40.39 2.07 22.50 47-34 
0 Ry Rae oes See eae 1.88 -70 1.75 6.37 

100.00 100.00 100.00 100.00 

Caliche mined is usually 14-25 per cent. NaNOs. B is material now seldom 
found in quantity. 

Underlying Material—Caliche occurring in the broken and 

jointed surface of bed rock passes bv transition into unaffected 

rock at the limit of penetration. Typical caliche is, however, usu- 

ally sharply defined from loose gravels lying below. Where 

such gravels are of high salt content, they are called congelo; 

where lesser amounts of salt are contained the name coba is used. 

Sulphates of calcium, magnesium and sodium and sodium chlo- 

ride are found here. The gravels are dry and often contain but 

little salt. They appear much like the typical desert debris of the 

region. 

Relation to Topography. 

Areally, the caliche is not coextensive with the superincumbent 

salt deposits. Widely developed superficial beds of sulphates, 

chlorides of soda, and accompanying salts are underlain but 

locally by lenses and irregular beds of caliche. These more nar- 

rowly delimited nitrate deposits are distributed on slopes and 
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hills in manner related to the evolution of topography and may 

thus be included in types of greater and less maturity. 

Old Deposits—It is quite evident that in the flat plains of 

desert old age, deposits characteristic of slopes will be absent. 

The most complete development of such deposits will occur upon 

the gentle slopes and low rounded hills of mature topography. 

As the nitrate fields of Taracapa, Tocopilla, Antofagasta and 

Aguas Blancas have reached this stage of erosion, their deposits 

may be said to have attained old age. 

In all of these fields, the deposits or manchas present certain 

similarities. They lie in a low zone on the smooth slopes of hills 

bordering the basins of each field. The slopes upon which the 

lowermost nitrate occurs rise from the flat basin often at such 

gentle angles as to be distinguished with difficulty from the ad- 

jacent level. Here the caliche is deeply covered, is of poorer 

grade and contains abnormal amounts of fine sands. Higher, 

gently, but distinctly visibly, inclined slopes bear caliche of maxi- 

mum grade, nearer the surface. The uppermost deposits, near 

the steeper flanks of the hills and but half way perhaps to the 

summits, are again of poorer grade and often consist of nitrate 

cementing angular debris on bed rock with thin overburden. The 

manchas or beds are usually fatrly continuous and often are of 

great extent, attaining areas of hundreds, perhaps thousands of 

acres. Thickness of caliche is variable, even in small areas, but 

generally is greater with higher average grade. It may commonly 

be 50 centimeters; but rarely exceeds 2 meters. 

In Tarapaca and Tocopilla the nitrate zone is included in a 

difference of elevation varying from a few to perhaps 30-40 

meters. The deposits in Tarapaca approach in places close to the 

level of salares occupying the westerly and lowest part of the 

Central Valley. They lie, however, above the level of ground 

water which may often be near the salar surface and the gravels 

under nitrate beds are usually dry (Fig. 30). In Tocopilla the 

ground water probably lies at the level of the Rio Loa flowing 

north in the Central Valley. The deposits here are well above the 

intrenched river. 
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In the Pampa Central of Antofagasta and the Aguas Blancas 

field, the nitrate zone extends to somewhat greater elevations 

than in northern fields. Deposits have been observed well up on 

the flanks of hills higher than those of Tarapaca. In Aguas 

Blancas such manchas may attain an elevation of 100 meters 

above the basin level. Small salares occur in the valley of the 

Pampa Central; but the relation of water level to the nitrate de- 

posits is unknown. In Aguas Blancas, however, typical salares 

FIG. 30. FIG. 31. 

Fic. 30. Ideal section of Tarapaca Deposits. Dotted area—gravel; dashed 
—volcanic rock. 

Fic. 31. Ideal section of Aguas Blancas Deposits. 

are absent. Small salt deposits lie in certain minor basins; but 

the level of sheet water in the gravels (Fig. 31) as shown by 

borings, is well below the surface (10 or more meters). 

Mature Deposits—The deposits of El Boquete and Taltal lie 

on slopes generally smooth and rising from basins often not en- 

closed. The manchas are usually continuous on more gentle 

slopes; but often are small and irregular on the flanks and tops 

of the hills. Extended, plateau-like hill tops, however, may carry 

considerable deposits of nitrate. The vertical interval of occur- 

rence often exceeds 100 meters. The comparatively small drain- 

age area of the basins accounts for the absence of salares; sheet 

water in the gravels of basins, tributary in the former district to 

Aguas Blancas in the latter to the sea, is absent. 

Young Deposits—Among the foothills southeast of Aguas 

Blancas, the drainage head of basin-like valleys tributary to that 

center has carved the youngest topography observed in the nitrate 

fields. The peculiarities of the occurrence of caliche here in the 
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field of Pefion® are characteristic of the youthful stage of nitrate 

deposition. 

The main gravel-filled valleys, following often Post-Cretaceous 

fault lines, are fed by steep, subsequent tributaries, which branch, 

on slopes near 10 per cent. in grade, to form many deep minor 

channels. Between the main courses, shallow dry streams, cut- 

ting the surfaces to a relief of 1 to 4 meters on slopes of 5-10 

per cent., debouch below upon smooth siopes where the grade is 

from 2 to 5 percent. The branching valleys of main courses dis- 

sect the upper slopes (10-20 per cent.) deeply and relief is of 

tens of meters (10-30 meters). Gravels, with salts, coat the 

slopes between all dry streams (quebradas) ; but the uppermost 

slopes of the hills are smooth and bare. Rock, often broken to 

angular, untransported debris here lies at the surface. 

On these hilltops, nitrate cementing the debris occurs in small 

irregular manchas, overlain by thin, but typical, surface layers. 

Below in topography of greater relief nitrate cements gravels 

thinly coating bed rock; on lower slopes it is in the common beds 

underlain by gravel and sand. The best grades and thicknesses 

of caliche, however, are found on slopes of from 10-15 per cent., 

in beds of small area. Slopes of 4—10 per cent. carry more con- 

tinuous manchas, more deeply buried and of lower assay and 

thickness, while very gentle inclines, little cut by quebradas, are 

characterized at the surface by washed gravels underlain, often at 

considerable depths, by spotty and poor caliche (Fig. 32). The 

vertical interval of nitrate deposition is great (500 meters) ; but 

the chief difference from more mature deposits is the discon- 

tinuity of irregular beds separated by dry stream courses. ° 

The caliche, however, does not usually outcrop in quebradas. 

The nitrate bed curves with the interstream surface, is thicker at 

the flat apex of a section and pinches out near the level of the 

stream bed (Fig. 33). Exceptions to such relations occur only 

on cuestas where streams on steep slopes across the dip of strata 

have invaded the more gentle slopes parallel to the dip. Here 

such “pirate” quebradas have in places, by virtue of their ac- 

5 Erroneously called Pan de Azucar on Chilean maps. 
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celerated erosive capacity, cut into salt beds formed with relation 

to the earlier topography and have exposed caliche in their 
courses. 

The rocks and gravels exposed in this field are dry. Though 

the main valleys are no doubt deeply filled with detritus the sheet 

7A So ey ZL 7 Yon, TNee 1 4'> ASSESS ios) Ae bd St | 
/ par-< b> ZL TAS AM AMD 
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Fic. 32. Ideal section of Pefion Deposits. 

Fic. 33. Relation of caliche (black) to surface and to minor water courses, 
Pefion. Dotted areas, gravel; dashed, rock. 

water of lower basins is probably absent. The small well at Pique 

Lacalle 15 kilometers to the southwest is 400-500 meters below 

Pejion in a main valley; but in a similar valley east of Pefion 

borings of 300 meters in gravel are said to have remained dry. 

Relation to Rocks. 

The areas of nitrate deposition are underlain principally by 

voleanic rocks of Jurassic age. At Aguas Blancas, Taltal and 

Pejion tuffs and lavas of the Pefion series with small masses of 

intrusive rocks constitute the bed rock. In the fields of El Bo- 

quete, Antofagasta, Tocopilla and in a great part of that of Tara- 

paca outcrops a horizon of volcanic rocks probably of similar 

lower Jurassic age. In the Tarapaca field east of Pisagua, and 

at Pampa Loreto, southeast of Aguas Blancas, however, occur 

limestones believed to be middle Jurassic. These localities are of 

distinctly minor importance and at Loreto the nitrate-bearing 

gravels lie on volcanic rocks well below the limestones. 

Areas of marked intrusive activity appear to interrupt the con- 

tinuity of nitrate deposition. Thus between Taltal and Aguas 
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Blancas, between Aguas Blancas and the Pampa Central of Anto- 

fagasta and again between the latter field and Tocopilla impor- 

tant deposits are absent. Similarly in the foothills of the Cordil- 

lera, discontinuity appears between El] Boquete and Antofagasta, 

though scattered pampas unite Pefion and El Boquete. In the 

areas of the batholithic intrusions of the Cordillera, nitrate is 

absent. 

At Pefion, where a detailed geologic map was made and the 

value and extent of nitrate deposits were studied with regard to 

variations of bed rock, two conclusions were made. (1) Strongly 

altered tuffs which are silicified often over large areas are dis- 

tinctly unfavorable to nitrate deposition. (2) Three tuffaceous 

beds of the volcanic series are favorable to such deposition. The 

claims above the average in nitrate content practically all lie upon 

the outcrop of these tuffs. 

Both areally and in more detailed manner, therefore, the nitrate 

deposits present significant relations to volcanic rocks. 

CONCENTRATION OF NITRATE, 

Former Hypothesis. 

Though many theories of nitrate origin have been proposed, 

but one comprehensive discussion of a possible method of con- 

centration has been presented (XIV). To quote the authors of 

this hypothesis (p. 107), 

. our theory is that the nitrate deposits have resulted from the ac- 
cumulation, by means of evaporation, of the minute nitrate content of 
the underground waters of the region. In other words, they represent 
a sort of efflorescence of soluble salts out of the ground water. 

Such an explanation is supported by the proven content of nitrate 

in ground waters and by an irrefutable, if exceptional, case of its 

operation in the Salar del Carmen. Doubt of its efficacy in gen- 

eral is caused by various objections. 

That in this region capillarity through loose, porous detrital 

material is “‘ feeding the shallow ground water in enormous quan- 

tity to the atmosphere by evaporation” (XIV., p. 108) is ques- 

tionable. Capillarity in this case, the rise of nearly pure water in 
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minute tubes, is dependent upon the diameter of the tubes. Other 

factors affecting rise are constant for any temperature. More- 

over, in a porous substance the height of rise at equilibrium is 

governed by the width of the largest pores in the material at the 

water-air surface.© Thus comparatively little rise from ground 

water is to be expected in loose gravel. Heights of supported 

water columns have been recorded of 2.22 meters for clay, of 

1.43 meters for “alundum,” probably analogous to a very fine 

sand, and of 8.10 meters for porcelain.’ Evengrained, fine sands 

are rare, however, on the desert slopes of this region as wind 

carries away the more minute particles, and certainly no material 

comparable in grain to porcelain occurs. Gravel, bedded or mixed 

with sands, would be an effective barrier to upward capillary 

migration from the water table and under most favorable condi- 

tions this migration would be no greater than of the order of one 

or two meters. The depth of water level below lowest ni- 

trate deposits is usually greater than 10 meters and even in 

Tarapaca often at least 8 meters (XIV., p. 108). Such relations 

prohibit rise to the surface by capillarity in media coarser than 

porcelain. The upper portions of nitrate deposits lie often more 

than 100 meters above the ground water of primary basins where 

the surface, and the water level, have been at all times during 

desert erosion below present elevations. The dryness of gravels 

below nitrate beds, both high and low, indicates also the absence 

of capillary ground water at such horizons. 

The phenomenon, called “efflorescence” by the authors, 

whereby ammonium chloride “crawls out of its solution in the 

La Clanche cell and accumulates” on dry adjacent surfaces 

(XIV., p. 109), is also essentially one of capillarity. Solution 

following capillary or subcapillary openings between salt crystals 

and between the salt layer and the cell wall evaporate and pre- 
cipitate salt. This process implies a continuous salt deposit from 

the solution source to the limit of deposition. In the nitrate de- 

posits no continuity between salar and bedded slope salt has been 

6 J. Johnston and L. H. Adams, “ Observations on the Daubree Experiment 
and Capillarity, etc.,” Jour. Geology, vol. 22, 1914, p. 8. 

7 J. Johnston, etc., op. cit., p. 10. 
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observed and the nitrate does not extend to ground water. Such 

“crawling” of nitrate up slopes is most improbable from field 

relations. 

Furthermore, that less soluble sulphate should be precipitated 

by upward moving capillary solutions nearer the surface than the 

more soluble nitrate, is difficult of explanation. Thus, for chem- 

ical as well as physical reasons, the so-called ground water theory 

appears untenable. In fact, processes of capillarity, by which 

water may penetrate sands a few meters and salts may migrate a 

few centimeters up the walls of the containers of their solutions, 

have been called upon by the authors to perform the astounding 

feat of the transportation of nitrate several kilometers through 

gravels and 100 meters. up slopes. The theory well explains the 

exceptional and unimportant occurrence at Salar del Carmen 

where water level is at the surface but is believed quite inap- 

plicable to typical nitrate deposition. 

Present Theory. 

Derived from a source on steep slopes and hilltops, it is be- 

lieved, nitrate and other salts are first concentrated near the sur- 

face in the gravels of less steep slopes by dew, fog and infrequent 

rain. The salts are stratified in accord with their solubilities. As 

erosion progresses impoverishment of upper slopes and a con- 

comitant enrichment below follow always somewhat complex 

relations of solubility. The deposits, thus migrating downwards, 

may finally extend nearly to basin level. 

Source.—For present purposes the source of salts may be con- 

sidered merely as upon the hilltops and steep rocky slopes. Here 

bedrock, often broken into angular debris, lies at the surface. 

Small bodies of nitrate occur with salts associated in the typical 

manner. The nitrate fills crevices, joints and interstices of broken 

blocks and impregnates porous rock. On sieep slopes these ir- 

regular manchas may occupy “ riffles” formed by the outcrop of 

strata. The salts are usually in thin beds, are unprotected by 

overlying gravel and are exposed to solution during the precipita- 

tion of moisture from dew, fog or rain. 
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First Deposition.—The resultant solutions descend to a surface 

less steeply inclined and thinly veneered with gravel. The nitrate, 

however, need not await precipitation, for due to its deliquescent 

nature it often dissolves in water derived from the vapor of the 

air at periods of high humidity. The first solutions to reach the 

upper gravel slopes are thus probably of sodium nitrate. They 

penetrate the gravel, evaporate perhaps during the diurnal period 

of low humidity, and precipitate nitrate to cement the gravel. 

During light precipitation, the normal event, the sulphate of the 

superficial layer on the hilltop is dissolved, chloride and nitrate 

underneath are perhaps attacked, and the concentrated salt solu- 

tion descends to evaporate and form a new deposit, possibly 

partly covering the earlier first bed of nitrate, on the lower slope. 

These beds, the first nitrate deposits on gravel-covered slopes, are 

subject to processes resulting in zoning of the salts, in growth of 

the deposits by accretion and in migration down the slopes. 

Processes.—The climatic factors affecting the deposits are of 

great importance. Rain is, of course, rare, but light showers 

though of little efficacy in erosion occur perhaps several times in 

a year. Heavy rains fall but once in several years. Dew, how- 

ever, and fogs (camenchacas), of origin similar to that of dews, 

are common and alternations of humidity and temperature take 

place with diurnal regularity in summer, with less regularity but 

greater magnitude in winter (p. 189). Each phenomenon, it will 

be seen, has its peculiar influence upon the deposits. 

The physical chemistry of solutions containing numerous salts 

is of extreme complexity in the light of present knowledge, but 

a consideration of the solubilities of the three principal salts, 

Na,SO,, NaCl and NaNO,, taken in pairs leads to the partial 

solving of the problem. The data have been worked out in detail 

in the present investigation but due to their value in commercial 

application unfortunately can not be presented here. It may suf- 

fice to say that at ordinary temperatures solutions saturated in 

both NaNO, and NaCl will contain the salts in approximately the 

ratio 2:1. Solutions higher in either salt than this ratio will 

upon evaporation precipitate the excess of this salt and when the 



214 W. L. WHITEHEAD. 

ratio is reached will deposit nitrate and chloride together. Sim- 

ilar relations hold true for Na,SO, and NaNO, though in this 

case the ratio is probably greater. From solutions of NaCl and 

Na.SO, these salts and Na,SO,-10H,O (mirabilite) are precipi- 

tated under various conditions of concentration and temperature 

below 32.5° C. NaCl and Na,SO, together are in equilibrium 

with a solution of about 3.5:1. These relations prove a marked 

lowering of the solubility of NaCl with addition of NaNOs, of 

Na,.SO, with addition of NaNO, and of Na,SO, with addition 

of NaCl. From consideration of the quaternary system of the 

three salts and water, it may be concluded that Na,SO, is little 

soluble in solutions high in either NaCl, NaNO, or in both, and 

that the solubilities of NaCl and NaNO, alone in the ternary dia- 

gram of NaCl, NaNO, and H,O will not be greatly altered by 

the addition of Na,SO,. In the light of such facts many features 

of the deposits are explicable. 

Deliquescence of NaNO, is also an important process. As 

ionization in concentrated solutions changes little over small tem- 

perature ranges, it may be inferred that at the temperatures of 

the desert the relative humidity at which NaNO, will deliquesce 

will be nearly constant. From reliable data this is found to be 

about 70 per cent. : 

Capillarity may account for some slight transportation of solu- 

tions, but, since the source is believed merely pools of rain water 

or intermittent streams, the process will be interrupted and of no 

great importance. 

Zoning of Salts——The first deposits lying on the upper gravel 

slopes may be considered thin beds at the surface composed of a 

mixture of NaNO;, NaCl and Na,.SO,. The commonest climatic 

event, high humidity during a cold night, may be assumed the 

first to take place and upon the relative humidity reaching 70 per 

cent. NaNO, with little impurity, enters a saturated solution, 

which sinks into the gravel due to gravitation and capillaritw. 

Evaporation, taking place during the diurnal period of high tem- 

perature and low humidity, causes NaNO, and its accompanying 

traces of NaCl and Na,SO, to be deposited. After repetitions of 
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this process have carried the nitrate some distance below the sur- 

face a dew or light rain may fall. NaCl with some Na,SO, is 

dissolved from the surface layer and carried into the gravel where 

it later deposits upon evaporation. The three characteristics 

zones are thus formed: (1) insoluble sulphate, (2) chloride and 

its concomitant sulphate and (3) nitrate, perhaps impure and at 

the greatest depth at which porosity permits of evaporation or its 

opposite deliquescence. 

Accessions.—During similar conditions of humidity and pre- 

cipitation solutions from hilltops may reach the upper gravel 

slopes. Such solutions, high in NaNO, and NaCl, sink through 

the surface layer of Na,SO, with slight contamination and their 

salt content is subject to redistribution in the typical manner. 

Even heavy rains will alter little this process, for the hilltop beds 

are so thin that all salts are no doubt dissolved together. 

Migration.—Heavy rain, usually a “cloud burst,” will have 

quite a different effect upon the zoned deposits in gravel. The 

cool water quickly sinking in considerable amounts through 

porous sulphate probably is much undersaturated and thus dis- 

solves considerable amounts of NaCl and NaNO, in the deeper 

zones. The unbroken caliche bed is impervious, however, and 

this solution will, therefore, flow downward along its upper sur- 

face or, where breaks occur, will pass through to deeper horizons 

of the gravel. Upon deposition following the storm, a certain 

amount of nitrate will have migrated downward. 

Light rain, dew or high humidity may assist such migrations. 

Cracks in caliche are often filled and even a second or third bed 

formed of high-grade caliche blanco. The purity of such beds, 

the absence of insoluble matter in the caliche blanco and the col- 

umnar or acicular form of the nitrate indicate that the loose 

gravel was pushed away by the force of the growing crystals.® 

These relatively great concentrations are often due to more porous 

gravels or to topographic depressions, the loci of additions from 

surrounding higher ground. 

8S. Taber, “Growth of Crystals,” Am. Jour. Sci., 4th ser., vol. 41, 1916, 
p. 546. 
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In young deposits migration is also accomplished by capture of 

nitrate bearing slopes by steep streams. The beds are cut by the 

intermittent flow and impoverished. The nitrate content of the 

resultant solutions may by capillarity be deposited on the banks of 

the stream, may be added to a lower deposit, if the stream de- 

bouches upon the surface or may finally reach the ground water 

of the drainage basin. 

Typical Development.—The close relation of caliche to the 

surface implied by such processes, indicates the reason for ir- 

regular beds of small size in the dissected topography of young 

deposits. Here flatter slopes where many intermittent streams 

debouch are impoverished by an excess of water sinking into the 

surface and the-higher grade deposits lie on fairly steep slopes. 

As erosion progresses, however, the slopes become smooth; 

the cuts of intermittent streams are eliminated and flow during 

rain is over all the slope. Migration is thus a maximum, the beds 

are of more uniform extent, and the flatter slopes become the seat 

of deposition of caliche. Hills encircling an elevated basin may 

be obliterated and as in Taltal nitrate beds may occupy a flat, ex- 

tended plateau. 

Finally, as erosion and migration continue, the lowermost 

slopes and very gently inclined plains near broad gravel-filled 

basins are alone underlain by nitrate. Concentration has worked 

with migration; the lessened precipitation of mature desert 

topography has reduced impoverishment, and thus the older de- 

posits are persistent and rich. 

ORIGIN OF NITRATE. 

Former Hypotheses. 

Explanations of the origin of nitrate are necessarily conject- 

ural, and from a review of former postulates little doubt can 

exist that nearly all methods conceivable of the formation of 

nitrates have been suggested for the Chilean deposits. Most of 

the hypotheses, however, have little basis on either geologic data 

or the conditions during deposition. 
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Organic Hypotheses..—Hypotheses based upon the formation 

of nitrate by organic agencies have included those in which the 

origin suggested was (1) from seaweed, (2) from guano and 

(3) from fixation of nitrogen by bacteria. (1) Great deposits of 

seaweed are assumed to have collected along an old shore line 

where the nitrate fields lie and by decomposition in the presence 

of sea water to have produced nitrates and iodates. (2) Guano 

deposits on the shores of arms of the sea or lakes in the Central 

Valley and nitrogenous dust blown from the present shore line 

have been said to supply the nitrate of the deposits. (3) Nitrate 

formed in the fixation of atmospheric nitrogen by the bacteria in 

soils is believed to be concentrated in the drainage basins and de- 

posited by evaporation to form the present deposits. 

Few adherents remain to support hypotheses dependent upon 

seaweed or guano. These explanations are quantitatively insuf- 

ficient, the latter is chemically objectionable and both require the 

presence of inland bodies of water which geologic facts indicate 

were absent during formation of the deposits. The bacterial 

hypothesis is less unlikely, but for the reasons that many deposits 

occur in a region so dry as to support no life and in topographic 

positions that exclude ground waters derived from the Andes as 

a source of nitrate, this hypothesis must also be rejected. 

Inorganic Hypotheses—tThe electric fixation of atmospheric 

nitrogen as nitrate has been suggested as taking place in the pres- 

ence of oxidizable iron compounds and through the agency of 

alkali carbonates derived from the decomposition of feldspars. 

The electric discharge may be either the rather obscure process 

of the discharge of static electricity from a fog or the lightening 

during Andean storms. Such processes inay form nitrate, as 

proven by a synthetic method of forming nitric acid and by the 

presence of nitric acid in rain water, and recently have been 

popular as an explanation of nitrate origin. The precipitation of 

1.8 to 4 kilograms of nitrogen as ammonia and nitric acid per 

acre per annum (II., p. 510) is, however, a phenomenon of wet 

® More lengthy discussions of former hypotheses are to be found XII., p. 
257-8, and XIV., pp. 104-107. 
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climate. The almost complete absence of rain in the Chilean 

desert would reduce such figures nearly to zero. Dew and fog 

might assist but at best the process would appear quite inadequate 

and would leave certain relations of the deposits unexplained. 

For the reasons mentioned elsewhere the nitrate content of An- 

dean waters can have no bearing on the question of nitrate origin. 

‘The possibility of another inorganic source of the Chilean 

nitrate, however, has until recently received little attention. 

Strauss (XV., p. 973) mentions that the rocks of the district 

have not been considered as a possible source. Clarke (XII., p. 

258) deduces from the widespread occurrence of borates with 

nitrates the possibility of a volcanic origin of such deposits. De 

Kalb’? (XVI., p. 663) has observed nitrate deposits in a tuff near 

Rodeo, New Mexico, and for the occurrence has offered the ex- 

planation that ammonia of volcanic origin has during erosion of 

the tuff been oxidized to nitric acid, which upon combination with 

the alkaline earth bases produced in rock alteration, forms nitrate. 

This occurrence, he says, “ offers a hint of another probable mode 

of origin for the Chilean deposits.” Lindgren’! concluded from 

observations in the region that some causal connection exists be- 

tween the nitrate deposits and areas of Mesozoic tuffs and lava 

flows. Finally, during the writer’s detailed investigation of one 

field, the hypothesis of nitrate origin from the volcanic rocks was 

deduced with the rejection of several alternatives as the only ade- 

quate explanation of the features of all occurrences. That these 

several observers have from different facts independently de- 

veloped such an hypothesis must alone carry weight. 

Volcanic Origin. 

An acceptable hypothesis of nitrate origin must be (1) prob- 

able and (2) quantitatively adequate; it must explain the facts 

of (3) content, (4) occurrence and (5) distribution of the de- 

posits. Though other hypotheses have failed in one or more of 

these requirements, volcanic origin appears to satisfy all. 

10 See also G. R. Mansfield, Bull. 620, U. S. Geol. Survey, 1916, pp. 19-44. 
11 Personal communication, and “ Mineral Deposits,” 1919, p. 299. 
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Probability—Ammonia and ammonium salts are common as 

volcanic exhalations. Ammonia has been noted? in the gas of 

Kilauea. Sublimates of ammonium salts, especially the chloride, 

are abundant near the vents of the Italian volcanoes.1* Chlorides 

and sulphates of soda and potash with other salts are also pres- 

ent (XII., p. 270 and 272). Tuffs of formation similar to that 

of the present-day volcanic ash beds may thus be expected to con- 

tain such salts. The oxidation of ammonium compounds to 

nitrate in rocks containing soda and potash is not difficult of con- 

ception; in fact the oxidation of ammonia is the basis of a well- 

known process for the synthetic production of nitric acid. 

Adequacy.—Considerable amounts of ammonium salts might 

be conceived deposited in ash near vents and hot springs during 

volcanic activity, but high nitrogen content of the Mesozoic tuffs 

is not essential to volcanic origin of the deposits. In one large 

nitrate field the erosion of one meter of rock carrying one per 

cent. NH,Cl over merely the nitrate bearing parts of the field 

would satisfy the nitrate content. The total nitrate production 

of Chile since 1825 could be supplied from an area 12 kilometers 

by 100 kilometers, roughly that of the nitrate fields, during the 

removal of 50 meters of rock containing 0.02 per cent. NH,C1. 

Nitrate has, however, been concentrated in the fields from con- 

siderably larger areas and desert erosion has removed much 

greater thicknesses of rock than 50 meters. Mere traces of nitro- 

gen compounds in the volcanic strata would thus probably ac- 

count for the content of the deposits. Unfortunately due to the 

possibility of epigenetic deposition in these rocks, their original 

content of such salts is not susceptible to proof by analyses. A 

cavity in apparently unaltered tuff blasted from several meters 

below the surface contained calcite coated with nitrate, but this 

phenomenon must be interpreted with caution. 

Salt Content.—The association of salts in the Chilean nitrate 

deposits is peculiar. The probable absence of bromides, inter- 

12 A. L. Day and E. S. Shepard, “Water and Volcanic Activity,” Bull. 
Geol. Soc. America, vol. 24, 1913, p. 592. 

13H. S. Washington and A. L. Day, “ Present Condition of Volcanoes of 
southern Italy,” Bull. Geol. Soc. America, vol. 26, 1915, p. 382 and 386. 
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mediate in solubility between iodide and chlorides, indicates an 

origin other than from sea water. Lack of carbonates and pres- 

ence of borates tend toward grouping these deposits with the 

Tuscan and Andean borate deposits. In Tuscany fumaroles con- 

tain dissolved borates, chlorides, sulphates and ammonium salts. 

Other hot springs show similar associations (XII., p. 243). The 

borax of the Andean salares, accompanied by nitrates and the 

more common salts (XII., p. 256), is certainly derived from the 

evaporation of the drainage from the craters of volcanoes.** 

These relations of the borate deposits are suggestive of volcanic 

origin for the Chilean nitrate. 

The California borax deposits, which contain nitrate (XIL, 

p. 247), however, contain considerable sodium carbonate, but 

are no doubt derived from leaching of Miocene clays in areas of 

voleanic rocks.1° If they are of primary volcanic origin, car- 

bonate might well have been introduced during the prolonged 

weathering of feldspathic detritus. It may be mentioned that a 

similar method of origin of the Chilean nitrate was entertained; 

but the absence of Tertiary sands or gravels near the fields, the 

probably wet Tertiary climate and the lack of relation of most 

deposits to early drainage caused its rejection. The small 

amounts of carbonate no doubt formed in rock weathering may 

have been destroyed in the Chilean deposits during the oxidation 

«f ammonia. 

A volcanic origin, therefore, is conceivable for the group of the 

more abundant salts, i.c., sulphates, chlorides, nitrates and borates, 

but rarer components such as iodide, chlorate and chromate 

which have so far remained undiscovered in volcanic sublimates 

art of doubtful significance. 

Occurrence.—The occurrence of nitrate is in many deposits 

strongly indicative of a source upon the hilltops. This relation 

has been explained only by the electric hypothesis supported by 

Pissis, Sundt (XVII. p. 90) and others. The requirement of 

such a source was met by the assumption of Tertiary concentra- 

14 R. T. Chamberlin, “The Physical Setting of the Chilean Borate Deposits,” 
Jour. Geology, vol. 20, 1912, pp. 763-768. 

15 W. Lindgren, “ Mineral Deposits,” 1919, p. 303. 
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tions now redistributed, but on physiographic grounds this idea is 

untenable. The outcrops of volcanic rocks are, however, on steep 

slopes and hilltops and are in the volcanic hypothesis considered 

the source of nitrate. Other features of occurrence are in accord 

with processes of concentration and migration. 

Distribution.—The distribution of nitrate deposits has been a 

difficult matter to adherents of former hypotheses. If ground 

water is the origin, deposits of nitrate should be confined at best 

to Tarapaca, to Tocopilla and perhaps to the Pampa Central and 

should occur widespread near the salares of the desert plateaux. 

Assuming atmospheric nitrogen fixed by electricity in the pres- 

ence of weathering feldspars as a source, nitrate deposits should 

occur not only with volcanic strata but wherever feldspathic 

rocks, such as monzonites or diorites, outcrop in the desert 

(XVIL., p. 92). Neither of these inferences is in accord with 

fact. 

The distinct relation of the deposits both in general and in de- 

tail to volcanic strata, however, is corroborative of volcanic origin. 

Generally the nitrate region is underlain by Mesozoic tuffs and 

lava flows which outcrop in all of the important nitrate fields and 

in the minor, fields of the eastern Coast Range or the Cordilleran 

foothills. On the western flanks of the Andes these rocks are also 

found; but a greater precipitation precludes nitrate concentra- 

tion. Interruptions in the continuity of deposits in the central 

depression are coincident with intrusive activity and silification 

of porous rock. Due to such conditions areas barren in com- 

mercial nitrate deposits occur between Taltal and Aguas Blancas, 

between Aguas Blancas and the Pampa Central, and between this 

Pampa and Tocopilla. 

Similar relations hold true in smaller areas. A detailed ex- 

amination of one large field proved that the better deposits lie 

upon the outcrop of certain beds of tuff, that lavas are less fa- 

vorable loci of deposition and that where the rocks have been 

silicified or otherwise altered nitrate is practically absent. The 

relation of the dip of strata to copography and consequently the 

area of exposure of such beds are also a determinant factor in 

the concentration of nit.ate. 
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Further variations in distribution might be caused by greater 

or less original content of the strata in nitrogen. In fact among 

such purely conjectural postulates, it is interesting to note the 

general parallelism between the richer nitrate fields, the Cordil- 

leran lines of intrusion and the present volcanic range of the 

Andes. The relation of the latter two lines indicates an ancient 

direction of structural weakness present as early as late Creta- 

ceous. It might be inferred that this direction still earlier may 

have determined a line of Mesozoic volcanic vents and that the 

richer nitrate concentrations have been possible on this line. 

Speculation of this nature is, however, by no means essential 

to an explanation of the richer deposits. Where scattered de- 

posits of small area are found, topographic conditions are un- 

favorable to nitrate concentration. The larger, irregular, nitrate- 

bearing areas of the south, Taltal, Aguas Blancas and Anto- 

fagasta, occur in topography of early maturity. The narrow and 

more regular deposits of Tarapaca and Tocopilla lie on the mature 

slopes bordering plains of desert old age. The lack of continuity 

of the latter deposits is probably determined by projections into 

the Coast Range of the plains of the Tamarugal Valley between 

Tarapaca and Tocopilla and south of Tocopilla. The decrease in 

area of the deposits, proceeding’ from south to north, with a 

somewhat parallel increase in richness is in striking correspond- 

ence to the development of desert erosion. The distribution of 

nitrate, as modified by processes of concentration, is thus in full 

agreement with origin from the lower Jurassic volcanic strata. 

CONCLUSIONS. 

The volcanic origin of the nitrate of the Chilean deposits is 

probable and adequate; it appears furthermore to be a satis- 

factory explanation of the facts of salt association, of occurrence 

and of distribution of the deposits and is, therefore, presented 

with confidence. The mode of concentration by superficial, in- 

termittent waters, causing slow downward migration of salts 

during the development of the present desert topography, is ac- 
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cepted as the only method explanatory of the features of de- 

posits in all the Chilean fields. Thus a unique type among min- 

eral deposits is due to unusual causes; the profitable industry of 

today owes its existence to merely a fortuitous combination of 

chemical relations and of geologic, physiographic and climatic 

conditions. 

Mass. INsTITUTE oF TECHNOLOGY, 
CAMBRIDGE, MAss. 
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CARBON RATIOS IN CARBONIFEROUS COALS OF 

OKLAHOMA, AND THEIR RELATION TO 

PETROLEUM. 

Myron L. Futter. 

INTRODUCTION. 

In other papers! attention has been called by the writer to the 

great importance of the hypothesis, advanced by David White,” 

that the percentage of fixed carbon in pure coal affords a measure 

of incipient metamorphism and a method of determining the 

general prospects of oil in a region in which coals occur. 

Notwithstanding the simplicity of the method and the definite- 

ness of results, very little use of it has been made, only one or two 

of the scores of geologists with whom the writer has talked 

having made practical application of it in the field. This appears 

to be due in part to the appearance of White’s discussion in a 

publication known to comparatively few and accessible to still 

fewer geologists, and in part to the extremely cautious and some- 

what general character of the original statements.* 

USE OF TERMS. 

Carbon-Ratios.—Carbon-ratio is a term used to designate the 

percentage of fixed carbon in pure coal. It is not the “ fixed car- 

bon” of the ordinary proximate analysis which includes both 

water and ash, but is the percentage of fixed carbon after water 

and ash are eliminated and the coal reduced to a fixed carbon- 

volatile matter basis. It is computed by dividing the fixed carbon 

1 Bull. Geol. Soc. Am., Vol. 28, p. 649, 1917. Economic Grotocy, Vol. 14, 
No. 7, pp. 536-542, November, 1919. 

2“ Some Relations in Origin Between Coal and Petroleum,” Wash. Acad. 
Sci., Vol. 6, March 16, 1915, pp. 189-212. 

3 More specific statements are made in a subsequent paper on “Late 
Theories Regarding the Origin of Oil,” Bull. Geol. Soc. Am., Vol. 28, pp. 
727-734, September 30, 1917. 
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of the proximate analysis by the sum of the fixed carbon and 

volatile matter of the same analysis. 

Isovolves——The term isovolve was proposed by David White 

as a substitute for the more complicated “isoanthracitic” of 

Strahn and Pollard,* and is applied to the lines of equal fixed 

carbon percentages as determined on a pure coal basis, as out- 

lined above. 

RELATION OF FIXED CARBON IN COALS TO OIL AND GAS. 

The writer in his paper on the carbon ratios of North Texas” 

attempted to set forth the relationship of carbon ratios in coals 

to oil and gas in a precise and definite form. The conclusions 

are repeated in abbreviated form below. 

Carbon Ratios (Surface). Production. 
OGETIOD. co onkaa ws eke ee No oil or gas with rare exceptions. 
Bare hw sicaahs Stee aae wees Usually only “shows” or small pockets. 

No commercial production. 
OOS CIR te OR oa dS Commercial pools rare but oil exceptionally high 

grade when found. 
Gas wells common but usually isolated rather 

than in pools. 
BGO Us avd eases «keene Principal fields of light oils and gas of the Appa- 

lachian fields. 
BOBS isacewvosthueseaner Principal fiélds of medium oils of Ohio-Indiana 

and mid-Continental fields. 
ROROET 9D nL oc cise wicks bis sees Fields of heavy coastal plain oils and of uncon- 

solidated Tertiary or other formatoins. 

In utilizing the above table, or the more complete table in the 

paper on the North Texas field, it is to be borne in mind that the 

limits of any group are not hard and fast, but are subject to more 

or less variation. Analyses of the same coal may range through 

several points, owing to differences in laboratory manipulation, 

while the coals in a given region may vary a point or two, possi- 

bly more occasionally, as a result of original differences in mate- 

rial, changes incident to migration, composition of enclosing for- 

mation, and losses by natural distillation. For these reasons, 

4“ Coals of South Wales Coal Field,” p. 72. 
5 Economic Gerotocy, Vol. 14, No. 7, pp. 536-542, November, 1919. 
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more or less generalization is always necessary in drawing iso- 

volves showing the carbon ratios. Isolated cases of high carbon 

in areas of predominantly low ratios and of low fixed carbon in 

areas of high ratios are usually of little real significance where 

the differences are only two or three points, although “islands” 

of high or low ratios, due to defintie dynamic conditions and 

either more or less favorable than the surrounding areas occa- 

sionally occur. 

Relation of Ratios to Depth—rThe samples of which analyses 

are made are necessarily taken.at or near the surface in most 

instances, hence we must depend upon surface ratios in predicting 

the probability of oil. The ratios increase downward, as well as 

towards the regions of disturbance, and the real prohibitive ratio 

is likely to be several points, perhaps five or more, higher than 

that at the surface. Until a sufficient number of analyses of 

deep coals, made from samples obtained from borings or deep 

shafts, are available, both the downward rise of the carbon ratios 

and the ultimate prohibitive percentage must be largely a matter 

of conjecture. 

Relation of Ratios to Unconformities—The downward in- 

crease of carbon ratios is progressive at a fairly uniform rate 

within the limits of uninterrupted deposition. Any important 

hiatus, whether or not represented by a recognizable unconform- 

ity, is likely to be marked by a rather sudden rise of the fixed 

carbon in passing downward across the break. 

Thus, in Texas, there is a change of I0 per cent. or more at 

the unconformity between the Cretaceous and Pennsylvanian, 

and a still greater difference probably exists in the ratios of the 

same series in the region south of the Arbuckles in Oklahoma. 

A somewhat smaller change doubtless occurs at the unconformity 

between the Strawn of the upper Pennsylvanian and the Smith- 

wick shales of the Bend in North Texas, while a greater upward 

jump undoubtedly occurs between the Bend (Pennsylvanian or 

Mississippian) and the Ellenberger (Ordovician) in the seme 

region. In Oklahoma, the principal rise may be expected to be 

along the Pennsylvanian-Mississippian unconformity. In West 
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Virginia, there is a very uniform and persistent jump of from 

five to seven points between the Pottsville and the overlying 

formations. 

Relation of Carbon Ratios to Structure-—That there may be a 

certain relation between carbon ratios and the immediately asso- 

ciated structural features is indicated by David White, who 

says °° 

In another place? I have shown that the abnormally high percentages 
of volatile matter (low carbon ratios) sometimes found in coals lying 
in folds and generally to be observed in thrust-faults in coal fields, are 
really due to compensation or neutralization of the thrust by buckling of 
the beds and by the faults themselves. Through the shortening of the 
crustal arc by folding or by overthrust of broken beds the stress is 
partially compensated and the coals are enabled to escape the maximum 
pressure intensity. 

A study of the ratios in the folded and faulted regions of Pitts- 

burg and adjoining counties in Oklahoma seems to bear out 

White’s conclusions as to the low ratios associated with faulting. 

Thus, taking groups of adjacent localities, we have the following 

relations: 

Group. Locality. Ratio. Adjacent Structure. 

i. eee ree 55 Choctaw fcult. 
a, a es 57 Choctaw fault. 
ND ick! s <id'n wets 6r Savanna anticline. 

II. WHDUSCON 5... 6.6.5.4 sire 59 Near Choctaw fault. 
MIRO aides ee met 61 Near Choctaw fault. 
RERUNS Seco tsin tats ahaa 63 Cavanal syncline. 

The above differences are not great, but appear to be con- 

sistent and without known exceptions. 

The Oklahoma isovolves also seem to support, to some extent, 

the view that lower carbon ratios prevail where pressure has been 

relieved regionally by folding than where equal or greater pres- 

sures have been resisted without marked folding. Thus, the 60 

per cent. isovolye not only projects further westward in the area 

of relatively weak folding in McIntosh and Okmulgee counties 

6 Journal Wash. Acad. Sci., Vol. V., No. 6, March 19, 19153. 
7U. S. Geol. Survey, Bull. 150, 142-145, 1808. 
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than in the sharply folded region of Pittsburg County, but there 

appear to be fewer embayments of low ratios extending back 

into high ratio areas in the former than in the latter territory. 

A relationship not so definitely anticipated is the apparently 

higher carbon ratios on anticlines than in synclines, as illustrated 

by the following groups of adjacent localities: 

Group. Locality. Ratio. Adjacent Structure. 

lil. OOM... ccckls een se 61 Savanna anticline. 
NATIVES 5.0.8 cis s's0 5.5. 54 Krebs syncline. 

IV. ES ES 65 Flank of anticline. 
Dow and Coleman.... 61 Kiowa syncline. 

V. OS er 63 McAlister anticline. 
So. McAlester........ 59 Krebs syncline. 

VI. NO a ae ee 58 Coalgate anticline. 
See ere ae 54 Lehigh syncline. 

The above table embraces all of the groups of adjacent locali- 

ties on anticlines and synclines from which analyses have been 

available to the writer. The fact that the ratios on the anti- 

clines are all higher than those in the adjacent synclines seems to 

indicate a relationship that can hardly be accidental. 

Temperature may possibly be the controlling factor. At depths 

below a certain heat it may be conceived that the pressure pre- 

vents the breaking up of the hydrocarbons, while at depths above 

the same point, although the heat may be less, the pressure may 

be sufficiently reduced to permit the breaking up and the escape of 

the volatile constituents. It has also been suggested that because 

of the nature of the folding there may be more open spaces, due 

to the stretching of the strata, with a more ready escape of the 

volatile constituents on the anticlines than in the synclines. The 

problem, however, is a complicated one, which is beyond the prov- 

ince of this paper to discuss. 

Although it is impossible to definitely state that the foregoing 

is the decisive factor in determining the carbon-ratios, it is cer- 

tain, as previously pointed out, that the carbonization is greatest 

on the anticlines. Not only do the carbon ratios show this, but 

there are recorded instances of anthracite on certain anticlines in 

eastern Pennsylvania, while in the adjoining synclines the coals 

approach the bituminous in character. 
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Horizons of Coals.—All coals of which analyses have been 

available are of Pennsylvanian age, and the isovolves therefore 

express Pennsylvania ratios in the main, although ratios have 

been estimated for the Permian above, and the Mississippian or 

older rocks below. In general, if coaly matter were present in 

sufficient quantities to make analyses possible, the ratios would 

probably be found somewhat lower in the Permian and higher in 

the Mississippian than actually indicated by the isovolves. 

Cretaceous ratios are entirely disregarded as they have prac- 

tically no bearing on the conditions below the unconformity at 

their base, the disturbances controlling the deeper ratios having 

acted before Cretaceous deposition and the ratios determined 

largely before Cretaceous times. 

Available Analyses —Analyses from over thirty localities in 

Oklahoma are available. Beginning at the north, these are as 

follows : 
Authority. 

Craig County: 
Welsh (4 miles west) ........... 38 U.S. Geol. Survey Bull. 621, p. 335. 
Bluejacket (4 miles west) ....... 56 Do. 
cistella..(a--maile seast)’ .cciciacuxicc 354 Do. 
Vinita (10 miles northwest, prob- 

ably same as Estells)......... ane Do. 
Roger County: 

Collinsville (44 mile north) ..... 35 Do. 
Catale (1 mile northeast) ....... 56 Do. 
Claremore (5 miles northeast) .. 63 Do. 

Tulsa County: 
Tulsa (4 miles southwest) ....... 5 Do. 
Dawson (14 mile west) ......... 37 Do. 

Wagoner County: 
Broken Arrow (3% Miles NE.).. 60 Do. 

Okmulgee County: 
Ue Ea es ie Oey aes RE 38 U.S. Bureau Mines Bull. 22, p. 471. 
Henrietta (5 miles west) ........ 61 Do. 

Haskell County: 
PSAEL TESIS” 5 ia wise ndiae upp eew.e baiesan 7 Do. 
Chant: (San Bois?) \.6 0.654.055 78 Do. 

Pittsburgh County: 
PRN occas Ss sae taxes esas eee 61 Bureau of Mines Bull. 22, p. 471. 
ISBEDDT: sccish ss Vasc wascsctesneere 64 Do. 
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Authority. 
RINNE ogc ce e's 10:0 oa wie Sseasive one 34 Bureau of Mines Bull. 22, p. 471. 
NO atte ei c= sbieaie o's 3c die Selb pees 61 Do. 
Cre Es cieecins see ebldek hee 65 Do. 
OE ee 4 een ea 61 Do. 
ETE | ee eee See 55 Do. 
Hiartsnorne: (57-00) s..<i..c0.ses 58 Do. 
McAlister (62-64) .............. 63 Do. 
Rea EEEI Sore, a toe anys a'w'e sins 0iays ss 57 Do. 
SWORN OOO) oe. si0:ssp,0.0.0 s:n,a10ids00 61 Do. 
Taps ro TS oe Se eee eee 5 59 Do. 

Latimer County: 
RAMI RES, Se a ac cite aie says Sie as'e'e 6 63 Do. 
AMA bois ATR Seg ER ie. 0 00) 615% 61 Do. 
SUC LST, ES aes 59 Do. 

Le Flore County: 
RADIO ieee ceeene ccle Mace eee ste e 79 Do. 
PGRAMAD 5 iih5 Soe ictararetens Gb-atalatojore'sié 0: 84 Do. 

Coal County: 
ROGAINGRE 5x oe ieee eo snc oo Se spre 58 Do. 
ICCD oo acacia sce bwercalye ves 54 Do. 

Salient Features of the Isovolves—The general trend of the 

isovolves, or lines of equal carbon ratios, is a little west of south 

across the eastern section of the state, with a bending of the 50 

and 55 isovolves westward around the Arbuckle and Wichita 

Mountains. (See Fig. 34.) 

The more salient features of the isovolves as a whole are: 

(1) A strong outward or westward bowing into Tulsa County. 

(2) A sharp inward or eastward bowing around the Mus- 

kogee County oil fields. 

) A second outward bowing, culminating near Henrietta. 

} A series of sharp reéntrants and projections around the 

sharp folds of Pittsburg and adjacent counties. 

(5) The southward reéntrant between the Arbuckle and the 

Ouachita Mountains. 

Westward Bowing at Tulsa County.—The strong outward 

bowing toward Tulsa is doubtless due to stresses and compression 

incident to dynamic disturbances and overburden, the higher 

ratios probably resulting from the fact that local conditions may 

have favored resistance to the stresses which found relief by 

greater folding, with lower carbon ratios, in the oil fields of 
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Rogers and Nowata counties on the north or the Muskogee fields 

on the south. 
Muskogee County Reéntrant.—There was little in advance of 

drilling to lead one to expect an area of low ratios extending 

back through Muskogee County to a point many miles east of 

the higher ratios to the north and south, but the occurrence and 

character of the oil seem to point rather conclusively to low car- 

bonization. In the absence of coal analyses, the known general 

relationship between oil and carbon ratios has been used in 

drawing the isovolves. 

Folded Area of Pittsburg and Adjacent Counties.—As already 

indicated under “ Relation of Carbon Ratios to Structure,” lower 

carbon ratios prevail where pressure has been relieved regionally 

by folding, the 60 per cent. isovolve projecting farther westward 

in the area of relatively weak folding in Okmulgee County than 

in the sharply folded region of Pittsburg County. In individual 

folds, however, the ratios are higher an anticlines than in syn- 

clines, but higher in synclines than along faults. 

Reéntrant between Arbuckle and Ouachita Mountains—The 

carbon ratios of Coal and Atoma counties are surprisingly low, 

and appear to be controlled largely by the Ouachita Mountain 

disturbances, those giving rise to the Arbuckles having had com- 

paratively little effect on the Pennsylvanian formations. This, 

however, to a certain extent, was to be expected, for the reason 

that the major folding was pre-Pennsylvanian in the Arbuckle 

region. 

Arbuckle and Wichita Areas—While no coal analyses are 

available in the vicinity of the Arbuckle and Wichita Mountains 

west of Coal County, an attempt has been made to indicate the 

probable positions of the carbon isovolves. These are based 

partly on the distribution of the oil pools, including Healdton, 

Lawton, Cement, Duncan and Loco, partly on the character of 

the oil, and partly on the nature of the dynamic disturbances in 

adjoining areas. 

There is little sharp warping in the Permian and the carbon 

ratios would presumably be low if coals were present. At any 



234 MYRON L. FULLER. 

rate they would probably not be prohibitive even up to the edge 

of the Ordovician limestones or to the granite. It is the unfa- 

vorable character of the rocks, their relatively shallow depths, 

and the penetration of water which seem to rule out the Permian 

as a really promising source of indigenous oil, although it may 

occasionally carry migratory oil (from the Pennsylvanian) in 

considerable quantities. 

The exact carbon ratios of the Pennsylvanian beneath the Per- 

mian are unknown, but it is probable that the Pennsylvanian beds 

have undergone decidedly more warping than the surface Per- 

mian and have distinctly higher carbon ratios. Nevertheless, it 

is not believed they are prohibitive except on the immediate 

periphery of the mountains, except south of the Arbuckles (Ard- 

more district), where the Pennsylvanian rocks are highly tilted, 

folded, and faulted. 

Extension into Texas.—lIt is clear® that the carbon ratios in 

the region south of the Red River increase rapidly toward the 

east reaching 60 per cent. in western Montague County and pos- 

sibly 65 per cent. or more in the eastern portion of the county. 

These ratios, higher than those around the Wichita or Arbuckle 

Mountains on the north® or the central Texas uplift on the south, 

apparently point to an area of marked disturbance beneath the 

Cretaceous east of the margin of exposed Carboniferous. Al- 

though there is no definite proof, the most reasonable supposition 

is that it consists of strongly folded and faulted older Pennsyl- 

vanian, Mississippian or Ordovician rocks resembling and prob- 

ably connecting with the rocks of similar age in the Arbuckles 

and Ouachitas. Ordovician was encountered at a moderate 

depth in a well in Cook County, Texas, south of Love County, 

Oklahoma. 

PROSPECTS. 

If the carbon ratios have the significance they have been found 

to possess elsewhere, oil is hardly to be expected in paying quan- 

tities east of the 60 per cent. isovolve of the map. 

The prospects of deep (Pennsylvanian or Mississippian) pro- 

8 Economic Geotocy, Vol. 14, No. 7, pp. 536-542, November, 1919. 
® Except in the Ardmore district. 
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duction are relatively small between the 55 per cent. and 60 per 

cent. isovolves, but production from the overlying Permian is 

possible, although the pools are likely to be small and scattering. 

The prospects on good structures between the 50 per cent. and 

55 per cent. isovolves are promising in all formations above the 

Ordovician. Below 50 per cent. the prospects decrease, but this 

is due largely to a lack of bituminous matter in the rocks rather 

than to carbon ratios. 

The comparative promises of the various zones are roughly 

indicated below. 
Relative Chances of 

Finding Oil. 
ZOGE TOL, 50-55) Capon fatios: ) o.sisn bid os Sa ape ehasentes 100 
LORE OF (55-00) Carbon (TaliOs. . ..0- oss «,< s:0.5 <i0;0ssis ened We 10 
POGBEOL-B0-O5 CAaTiOR TAtOS  « <5.0:5.05.6'6 5 css Gains cose ue I 

As a matter of fact, the chances above 60 per cent. are prob- 

ably even less than indicated, there being no known oil field of 

importance above this ratio, although several small high gravity 

pools occur near the 60 per cent. line at points in the Appa- 

lachians. 

In closing, it may again be emphasized that in using carbon 

ratios for the prediction of oil prospects, only carbon determi- 

nations from coals of the series in which oil is being sought 

should be utilized. If oil is anticipated in Tertiary or Cretaceous 

formations, ratios based on lignites or coals of these rocks may 

be used, but these can not be applied to the Permian or Pennsyl- 

vanian below the unconformity at their base. Permian and 

Pennsylvanian determinations may, however, be used in Okla- 

homa for predictions of oil possibilities down to the Mississip- 

pian unconformity, except near the Wichitas and Arbuckles, near 

which there is a more or less marked unconformity between the 

gently warped Permian above and the more strongly folded Penn- 

sylvanian below. The Permian or Pennsylvanian ratios are not 

applicable to beds below Pennsylvanian-Mississippian uncon- 

formity, except that the ratios of the lower beds may always be 

assumed as materially higher than those above the unconformity. 

Dattas, TEXAS. 



KAOLIN IN NORTH CAROLINA, WITH A BRIEF NOTE 

ON HYDROMICA.? 

W. S. BayLey. 

The kaolins are residual white-burning clays formed by the 

alteration of preéxisting rocks. They may exist as veins, where 

they are derived from pegmatites or other vein-like masses, or as 

blanket deposits where they are derived from broad expanses of 

igneous or metamorphic rocks. In North Carolina both types are 

present. All, so far as known, occur west of the “ fall line ”—the 

vein-like deposits mainly in the mountain section and the blanket 

deposits in the Piedmont plateau. 

ORIGIN FROM PEGMATITES. 

The kaolins of the mountain districts are, so far as known, the 

products of the decomposition of pegmatites. They so frequently 

grade downward into partly decomposed, but easily recognizable, 

pegmatites as to leave no doubt that the kaolin and the pegmatite 

beneath it are parts of the same geological mass. Moreover the 

kaolin, when undisturbed, presents the textures characteristic of 

pegmatite. In some instances the crude clay consists of a struc- 

tureless mass of kaolin surrounding irregularly round quartz 

grains of the same shapes as those in granular pegmatites. In 

other cases the quartzes are sharp-edged and wedge-shaped, like 

the particles of this mineral in graphic granite, and the structure 

of the mass is exactly like that of undecomposed coarse graphic 

granite. Lenses of mica and micaceous decomposition products 

occupy the same relations to the kaolin and quartz as do musco- 

vite and biotite in ordinary pegmatites. 

These relations indicate clearly that the kaolin occupies the 

place of the feldspar in the pegmatite—a conclusion that is estab- 

lished as correct by the fact that much of the feldspar in many 

1 Published with permission of the State Geologist of North Carolina. 
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dikes, especially at moderate depths, is white and opaque and 

very unlike the pink or yellowish translucent variety in fresh 

dikes. The opacity and whiteness are due to the presence of a 

small quantity of kaolin in the otherwise unaltered feldspar. As 

the quantity of kaolin increases the characters of feldspar disap- 

pear and a uniform mass of kaolin results. Often this retains the 

cleavage of the feldspar from which it was derived, but otherwise 

its character is entirely different. 

Analyses of fresh and altered feldspars show clearly the nature 

of the change. 

ANALYSES OF FELDSPARS FROM NorTH CAROLINA. 

61 Slél6igioi SI 6 llc] 1 & sis|& Set oe 
aj)@2|e/Sleial2z)] 2)e| FI 

1. Fresh microcline ........ 65.37, 17.92 .02/.17 tr. 2.10, 13.05, tr.| .17, 98.80 
2. Fresh orthoclase ........ 64.30| 19.64 .08) tr. | tr. | .17, 1.32! 14.00, tr. | .50/ 100.01 
3. Semi-kaolinized orthoclase 62.47 21.00 .05|tr. tr. |.30 .60) 13.62) tr.| 1.40) 99.44 
4. Semi-kaolinized orthoclase 60.47) 23.45 .10) tr. | tr. -65| 12.10) tr. | 3.60) 100.37 

al . Plumtree Mica Mine, Plumtree, N. C. Watts, A. S., Bureau Mines Bul- 
letin, 53, p. 103, 1913. 

. Southern Clay Co. Mine, Franklin, N. C. Idem, p. 98. 

. Southern Clay Co. Mine, Franklin, N. C. Idem, p. 112. 
Isinglass Hill Mica Mine, Rutherfordton, N. C. Jdem, p. 114. 
No. I was a sample of fresh microcline. No. 2 was a milk-white ortho- 

clase taken from beneath a kaolin deposit. It contained about 3 per cent. 
kaolinite. No. 3 was taken from nearer the surface than No. 2. It con- 
tained 8 per cent. kaolinite. No. 4 was taken from the east side of a dike 
where the material was partially protected by a layer of quartz. It contained 
23 per cent. kaolinite. 

wh 

Analyses of the crude kaolins differ from those of the semi- 

kaolinized feldspars mainly in the relative proportions of the 

constituents. There is often more SiO, shown in the analyses of 

the kaolins, but this is easily accounted for by the presence of 

quartz in the pegmatite. With the loss of K,O and Na,O there 

is a gain of Al,O, and H,O, and the change is progressive. The 

final stage in the process is shown in the analyses of the refined 

kaolins, from which nearly all the quartz has been washed out. 

What is left is mainly the result of the alteration of feldspar—a 

mixture of substances that approaches in composition that of the 
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mineral kaolinite, which is unquestionably the largest component 

of the mixture. 

ANALYSES OF NortH CAROLINA CRUDE AND WASHED KAOLINS 

|Na,O. | SiOz,  AlsOs. | FexOs. | CaO. | MgO. |" "kyo, H20. | Total. 

nT Aig re eet ty oes | 62.40! 26.51| 1.14 | .57 .O1 .98 8.80 | 100.66 
ee ee | 53-10, 33.06, 1.18 | .38 .08 83 | 11.32| 99.905 
ac Nini tee ne a ee ee 46.41 | 37-76 -70 | .00 .09 -72_| 13-46 | 100.28 

A. Springer Pit, Webster. Contains also .25 moisture. Ries, N. C. Geol. 
Survey Bull. No. 13, p. 62, 1897. 

B. Brindle Prospect, Wests Mill. IJdem, p. 63. 
C. Washed kaolin. Hand Clay Co., Woodrow. Analyst, Geo. Steiger, U. S. 

Geol. Survey. Contains also 1.10 moisture and .04 P.O;. 

KAOLINIZATION PROCESSES AND THEIR RESULTS. 

Alteration from Feldspar.—Kaolin that is produced by the de- 

composition of feldspar may be formed in three ways:? (1) by 

the action of hot ascending gasses or solutions containing fluo- 

rine, boron and perhaps other active reagents; (2) by the action 

of water upon feldspathic rocks underlying swamps or moors, 

where the rocks are subjected to the action of the substances dis- 

solved in the swamp water, especially CO, and organic acids; (3) 

by the action of percolating ground water traveling downward 

from the surface and carrying with it dissolved CO, and organic 

matter. 

The kaolins of the mountain districts of North Carolina are 

believed to have been formed in the third way, i.e., they were pro- 

duced by the action of water travelling downward—in this case 

along feldspathic dikes. There is no evidence, so far as known, 

that the decomposition of the feldspar was due to gaseous emana- 

tions, as Weinschenk® believes always to be the case.* It is true 

that some of the kaolins contain traces of tourmaline, of topaz 

2Stremme, H., “Handbuch der Mineralchemie.” Theodor Steinkopff, 
Dresden und Leipzig, Bd. II., pp. 130-134, 1914. 

3 Weinschenk, Dr. E., “The Fundamental Principles of Petrography.” 
Translated by A, Johannsen. The McGraw-Hill Book Co., New York, 1916, 
p. 76. 
4See W. Lindgren, “The Origin of Kaolin,” Econ. Gror., Vol. X, p. 80. 

ra ek lO etl 

— ih 

~lUrrf lr llhCUrF 

AS 



oun | 

KAOLIN IN NORTH CAROLINA. 239 

and perhaps of some other characteristic pneumatolitic minerals, 

but it must be remembered that these occur also in the unaltered 

pegmatite, and consequently they were in existence before the 

kaolin was formed. Weinschenk declares that “the granite in 

the more important deposits is completely kaolinized to depths far 

beyond that reached by the atmospheric agents under any circum- 

stance.” In North Carolina, on the contrary, the kaolinization 

has only rarely extended to beyond 100 feet in depth, and in most 

cases to a much less depth than this. Moreover there are other 

phenomena in connection with the mountain kaolins that are best 

explained on the theory that they are the result of weathering by 

downward percolating water. 

Orthoclase when it changes to kaolin loses SiO, and K,O and 

adds H,O in the following amounts: 

SiOz. AleOs. K20. H.0. Total. 

Onthigcland <cio2 55. ossicles os 64.86 18.29 16.85 100 
ee eee ree 43.24 16.85 60 
ee RR Oe eS 6.45 6.45 

Me cae Tartans: 65:5 8 send 2-5 21.62 18.29 6.45 46.45 

or in chemical symbols : 

2KAISi;0, — 4SiO, — K,O + 2H,O = H,Al,Si,O,. 

The alteration of orthoclase may be effected by pure water, 

with the production of potash, colloidal aluminous silicates, col- 

loidal silica, and kaolinite.» Upon hydrolysis by water the feld- 

spar yields KOH and an unstable silicate which easily parts with 

some of-its silica and is converted into kaolinite, thus: 

HAISi,O, + H,O = KOH + HAISi,O,, 

2HAISi,0, + H,O = H,Al.Si,O, + 4SiOg. 

The process is hastened by the addition of H.SO, or CO,. When 

CO, is present, as it always is in freshly fallen rain, and in water 

5 Cameron, F. K., and Bell, J. M., Bur. Soils, U S. Dept. Agric. Bull. 30, 
1905. 
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that has passed through decomposing organic matter, the process 

may be indicated by the equation: 

2KAlSi,O, + 2H,O + CO, = H,Al,Si,O, + K,CO, + 4SiO.. 

The colloids exist as gels in the mixture of kaolinite, quartz, feld- 

spar and other undecomposed remnants of the original rocks that 

constitute the crude clay, and by their presence in larger or smaller 

quantities determine its degree of plasticity. 

Since orthoclase or microcline treated with a solution of CO, 

is slowly decomposed and K,O is dissolved from it in excess of 

its proportion in the undecomposed mineral it is clear that by 

long continued action of carbonic acid all the K,O may be ex- 

tracted, as the potassium may combine with the free acid, form- 

ing K,CO, which is drained off. The SiO, formed during 

weathering separates partly, at least, as a colloid which is soluble 

in the alkaline solution of K,CO,, and thus may be drawn off 

from the mass of decomposition products leaving the insoluble 

kaolinite and remnants of the unaltered minerals behind. Thus 

the kaolin is proportionately enriched, and through the filling 

with kaolin of the spaces left by the removal of the silica the mass 

loses its porosity and becomes compact. Even though some of 

the K,O may combine with some of the silica to form a soluble 

potassiurn silicate, or a colloidal potassium silicate compound, 

the same enriching process will take place, since the soluble sili- 

cate will drain off and the colloid will either be decomposed by the 

excess of CO, or, if undecomposed, will deposit in the pores be- 

tween the kaolin flakes and will thus tend to compact the kaolin 

and render it more plastic. 

In many veins there are places where the kaolin appears as a 

uniformly compact mass almost entirely free from quartz or un- 

decomposed feldspar. It may be that these represent : places 

where the pegmatite was composed entirely of feldspar or where 

the quartz was so fine grained that it is not noticeable in the re- 

sidual mass. However, since a mass of orthoclase produces only 

52 per cent. of its weight or 61 per cent. of its volume of kaolinite, 

while a given mass of the compact clay often contains 90 per cent. 
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of kaolin, it is plain that the silica which always accompanies the 

production of kaolin from feldspar must have been removed in 

solution and the remaining kaolin compacted, or there must have 

been an enrichment of the kaolin mass by the migration into it of 

kaolin material from other portions of the vein. 

Few deposits contain on the average more than 40 per cent. of 

kaolin, even where all the feldspar has been decomposed. In 

most cases the feldspars in pegmatites are associated with quartz, 

mica, hornblende and to a less extent with beryl, garnet, tourma- 

line and other rarer minerals. All of these with the exception of 

quartz decay with greater or less rapidity and some of them, as, 

for instance hornblende, may yield a hydrous aluminous silicate 

and colloidal silica. Thus the constituents of the original peg- 

matite may contribute to the kaolin decomposition products that 

may affect it in a favorable or unfavorable way depending upon 

the nature of the original substance and the conditions under 

which they were decomposed. 

Under the conditions favorable to the production of kaolin 

from orthoclase, albite, if present, forms compounds analogous 

to those produced from orthoclase. Where the process has con- 

tinued to completion the result is the same as in the case of 

orthoclase and microcline and the albite has no deleterious effect 

upon the product. Where the process is less complete grains of 

albite may remain undecomposed, with the result that the kaolin 

may contain notable quantities of albite sand. 

Alteration of Minerals other than Feldspar—The quartz of 

the original pegmatite suffers little change in the weathering proc- 

ess. In many cases it remains in the kaolin as distinct grains of 

the same shapes and sizes as those in the pegmatite. In other 

cases, however, the residual grains are more or less rounded. 

Their sharp edges are smoothed off and their surfaces may have 

become pitted as though they had suffered some solution. In- 

deed it is probable that they have in all cases undergone solution 

to some extent, though perhaps only in exceptional cases is the 

solution marked. In the latter cases the quartz has a pebbly ap- 

pearance and the crude kaolin may look very much like a con- 
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glomerate composed of water-worn pebbles in a fin’ grained sedi- 

ment. The solution may be due to the action of the alkaline car- 

bonates produced during the weathering of the feldspar, since it 

is a well-known fact that quartz is appreciably dissolved by alka- 

lies. If the quartz in the original rock was in fine grains some of 

it may be completely dissolved but much of it may, nevertheless, 

remain as grit or sand in the kaolin. 

Beryl changes to mica and to kaolin. If it changes to mica it is 

apt to form fine scales which are difficult to separate from the 

scaly kaolin flakes and thus may injure the refined product. 

Biotite, hornblende, tourmaline and any other ferriferous min- 

erals that may be present may be altered to a number of com- 

pounds among which may be chlorite or other hydrated micaceous 

minerals, limonite or other ferruginous hydroxides, or to a fer- 

ruginous carbonate. In the presence of abundant oxygen the 

hydroxides are apt to form; and these stain the kaolin with a 

brown or yellow color. In the absence of much oxygen ferrous 

carbonates are produced. As these are soluble in carbonated 

water they may be drained from the deposit and carried off. 

Thus, near the surface where the percolating water was furnished 

with abundant oxygen, staining by iron salts is rather common, 

whereas with depth the stains decrease, except where crevices 

furnish canals along which the water may flow readily, and at 

ground-water level the kaolin is practically free from stains. 

The chlorite and other micaceous decomposition products may 

form dark nests in the midst of the clay. They are objectionable 

because of the difficulty of separating them in the refining proc- 

ess. Their fine scales are apt to float off and be carried into the 

settling vats where the kaolin is collected. The most objection- 

able components of the kaolin are the decomposition products of 

the garnets. When these are decomposed they give rise to chlo- 

rite and other micaceous products that are often colored reddish 

brown by iron hydroxides or other ironcompounds. The heaviest 

particles may be separated from the kaolin in the washing proc- 

ess, but some of the lightest material floats over with the slip and 

is distributed through the refined kaolin, often impairing its value 

or a= = WD KS 
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to a serious degree. In the clay-bank the presence of the decom- 

posed garnets is revealed by the presence of little circular brown 

spots. Where the spots are few the clay containing them may be 

removed by hand-sorting before the crude material is sent to the 

washer. Where abundant there is no recourse for the miner but 

the abandonment of that part of the mine in which they occur. 

HYDROMICA. 

The muscovite changes so slowly that it may be picked by hand 

from the kaolin, and much of it is so slightly altered that it may 

be placed on the market as sheet, punch or ground mica depend- 

ing upon the dimensions of the plates. Near the surface, how- 

ever, in many places the mica is more or less altered and at some 

localities it has lost its characteristic features. It has become 

opaque and brittle and has assumed the color and luster of beaten 

tin except where stained red by iron hydroxides. Even when 

bleached by hydrochloric acid it remains opaque except on thin 

edges where it is translucent. Under the microscope, between 

crossed nicols, the mica is discovered to be much less strongly 

doubly refracting than fresh muscovite. Plates thin enough to 

be transparent have no effect on the sensitive tint, and give no 

axial figure. Thicker ones, that are yellow and translucent, 

produce a slight modification of the sensitive tint and give a faint 

uniaxial optical figure that is negative. Fairly thick plates are 

dark reddish yellow and nearly opaque. These exhibit colors 

between crossed nicols and give fairly distinct axial figures. 

Flakes viewed at right angles to the cleavage, extinguish parallel 

to their cleavage and show bright colors between crossed nicols. 

Under high magnification the very thin plates show no dis- 

tinctive features. They are very light yellow and apparently 

homogeneous except for the presence of a few tiny transparent 

or translucent particles. The plates that are thick enough to be 

nearly opaque are dark reddish vellow and appear to contain 

numerous small flakes and particles of various kinds, but it is 

probable that these are deposits in the cleavages of the mica rather 

than within the mica itself. 
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It is impossible to decide whether the altered mass is a definite 

mineral or not, but it appears more probable to the writer that it 

is an aggregate of tiny decomposition products embedded in a 

matrix containing a residual of muscovite. It appears to be one 

of the “ hydromicas”’ that are so frequently described as occurring 

in clays. 

An analysis of a particularly good specimen from the Herren 

property at Waynesville, yielded Mr. Geo. Steiger of the U. S. 

Geol. Survey the following result: 

SiO, Al,O; FeO; FeOQ MgO CaO Na:O K,O H.O TiO, Moist 
40.79 29.98 807 248 2.71 .45 .38 3.47 9.34 1.28 1.20 100.15 

Attempts to represent this analysis by a chemical formula are 

unsatisfactory, as the result is so complex that it is difficult to 

consider it as belonging to any single mineral. Its simplest form, 

after excluding the FeO, which is believed to be present as limo- 

nite and the TiO, which is thought to be in rutile, is as follows: 

(K,-Na,.)O, 2.5.(Mg, Fe, Ca)O, 7A1,03, 16SiO., 11H,O. 

If the material is regarded as a mixture, its mineral composition, 

calculated from the analysis on the assumption that the Fe,O, is 

in limonite, the TiO, in rutile and the FeO in a ferruginous ser- 

pentine, may be: : 

OTIC SERINE ae RR PEE Sara Se ME a 43.34 
MGSO UALS. es Ger sen sic os ina P eRe diets osG sis wwnbie%e we Mewes oe'enns 34.04 
PSPRRMAUIE: 3 Stes nwisns ste ieee his CFE SS 6 KF wre unin 6 5.5.6 5:00 ares 11.41 
(uartz,.or some, other form of SiG. ...!666 i escccclegeess es 1.08 
BORRGTIAUE Staves sings o's ivick Se RR BAN GAS ORCS ois sinh ee ae 8.90 
RIE: c's. cect atone conan hb sess SageGiaae ome baas os Usk sae ese 1.28 

100.05 

It is certain that the source of the limonite is outside the orig- 

inal mica, and it is probable that some of the kaolinite has also 

originated elsewhere and has migrated into the cleavage cracks 

in the altered mineral. Consequently, the figures given do not 

represent the composition of a “hydromica” that has resulted 

solely from the alteration of muscovite. They, however, indicate 

the probable composition of most of the hydromicas occurring in 

— 
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kaolin and show that this substance differs from muscovite in the 

presence of much less K,O, and possibly Al,O3, and of much 

more H,O. Most of the original muscovite has broken down 

into kaolinite and minerals closely related to serpentine, and most 

of its K,O has been carried off in solution. 

DISTRIBUTION OF KAOLIN IN THE VEINS. 

As kaolinization progresses downward from the exposed sur- 

face, the completeness of the process becomes less and less as 

depth from the surface increases until the proportion of undecom- 

posed material becomes so great that deeper mining is imprac- 

ticable. Although at this depth the feldspar is partly kaolinized, 

the quantity of undecomposed feldspar in the mass is so great 

that a crowbar cannot be forced into it without the aid of ham- 

mer blows. The quantity of kaolin in the mass is there so small 

that it will not carry the increased cost of preparing it for market. 

The depth at which this occurs varies in different dikes but in 

those well up on slopes the depth at which profitable mining is no 

longer possible is at about 95 feet from the exposed surface. The 

purer kaolin is at about water-level and above this kaolinization is 

practically complete. When the water-level is reached in mining 

the kaolin becomes so plastic that it is difficult to maintain the 

shafts, and for this and other reasons the mining operations be- 

come so expensive that the shaft has to be abandoned unless some 

method of drainage can be perfected. In consequence of this fact 

deposits high up on slopes are apt to be minable at greater depths 

than those at their bases or on plains since in these latter situa- 

tions the water-level is nearer the surface. Usually the best 

kaolin in any deposit.is found at about the level of the ground- 

water. Below this level the completeness of the kaolinization 

rapidly diminishes with depth and in many cases a few feet below 

the water level the dike material has been protected from altera- 

tion to such an extent that the dike might be used as a source of 

feldspar. Possibly another illustration of protection is the fact 

that in general a dike is richer in kaolin near its foot-wall than 

near its hanging. This suggests alteration by downward per- 
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colating water. The hanging-wall, especially if composed of 

schists, protects to some extent against the downward flowing 

water, whereas at the foot-wall the water flow is more abundant. 

While it is true that the completeness of kaolinization of the 

feldspar in the different parts of any given dike are as stated, 

nevertheless it is also true that other conditions affect the thor- 

oughness of its alteration. Fresh feldspar and completely kao- 

linized feldspar occur at the same elevation and near each other in 

neighboring dikes. Watts® calls attention to the fact that at Pen- 

land, a dike in an advanced stage of kaolinization was being 

worked for kaolin a few years ago and 50 yards distant another 

containing fresh feldspar was being worked. Moreover, in one 

of the shafts from which kaolin was taken a distinct dike of peg- 

matite about 2 feet wide may be seen cutting diagonally through 

the kaolin and the material of this dike is practically unchanged. 

In this case the feldspar of the small dike is microcline and not 

orthoclase. Evidently the microcline resisted decomposition more 

successfully than the orthoclase and is therefore nearly intact. It 

is probable that some of the contrasts in the degree of alteration 

of neighboring dikes may be due to differences in the character 

of their feldspar. 

Univ. oF ILLINOIS, 
Ursana, ILL. 

6 Watts, A. S., Bur. of Mines Bull. 53, p. 17, 1913. 
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GEOLOGIC AND ECONOMIC FEATURES OF OIL 

STRUCTURES. 

Victor ZIEGLER. 

INTRODUCTION, 

Experience in making geological reports on the possibilities of 

structures located in the different producing fields of the United 

States, has forced the writer to the conclusion that there are cer- 

tain geologic and economic features which are not clearly under- 

stood by the great majority of practical men. The writer pre- 

sents a brief summary of these in the hope that it may be of value 

to the men in applied work and perhaps to the younger men and 

students in geology. 

MODIFICATIONS OF THE ANTICLINAL THEORY. 

It is to be expected that this theory since its formulation in 

1885 should be subjected to considerable modification. Indeed, 

occasionally it appeared to be in actual variance with observed 

facts and was hence considered inapplicable. The growth of 

our knowledge of geology and a better and clearer understanding 

of the principles involved in the migration and in the occurrence 

of oil in nature has forced us to the realization that the accumu- 

lation of oils in various fields may occur under different condi- 

tions and that the characteristics, both geological and structural, 

of oil pools may so differ as to render plausible the belief that 

no single theory can explain all accumulations. 

The fact that the characteristic features of oil pools differ in 

different fields is well expressed in the following words: “In any 

stated field oil and gas exists after certain methods of ‘habit’ 

which are found to prevail generally throughout that field. This 

is because, while the substances adhere in their relations to the 

structures present, there are modifying conditions which cause 

247 
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certain peculiarities to run entirely through the field. In a 

scientific study of any oil field, for the purpose of determining its 

possibilities, it is necessary to distinguish the features which it 

has in common with other fields from those in which it differs 

from them, and by a process of comparison and inference based 

on detailed observations and calculations, to draw conclusions as 

to whether or not the locality is favorable for petroleum.” 

Oil men should realize the fact that the accumulation of an oil 

pool is the result of a number of more or less complex features, 

all of which are a function of the general geological and struc- 

tural characteristics of a given region. The oil pool should not 

be considered a geological entity independent of the region in 

which it occurs. The true significance of the productive struc- 

ture can be properly understood only when we realize the fact 

that it bears an intimate relationship to and is actually dependent 

upon the geology and structure of the entire surrounding region.” 

Studied from such a viewpoint, we gain the proper perspective 

and begin to correlate properly and to appreciate the true signifi- 

cance of observed facts. The geological and structural features 

of a pool in the Gulf Coast region of Texas will not be the same 

as the characteristics of a pool in Indiana or Wyoming or Cali- 

fornia. The ability to differentiate and recognize the importance 

of these characteristics marks the successful geologist. A great 

percentage of the unsuccessful ventures in drilling prospect wells 

is due to failure to realize these differences. The oil man or 

geologist may have had a wide experience in one field and become 

quite successful because the features of the geology and structure 

that lead to the accumulation of oil in this field are clearly recog- 

nized by him. When confronted with radically different geolog- 

ical conditions he has the tendency to apply the same familiar 

standards and judge accordingly, in most cases with fatal results. 

Indeed, much of the prejudice of the practical driller against 

1 Clapp, F. G., Bull. Geol. Soc. Amer., Vol. 28, pp. 553-602, 1917. 
2 See also: Daly, Marcel R., Trans. Amer. Inst. Min. Eng., Vol. 57, p. 1054, 

1918. 
Woodruff, E. G., Amer. Inst. Min. Eng., Bull. 150, June 1o19. 
Schuchert, Charles, Amer. Inst. Min. Eng., Bull. 155, Nov. 1919. 
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geology is due to his unfortunate experience with some geologist 

who failed to understand and to apply correctly geologic prin- 

ciples. The failure represents not the failure of the science but 

the faulty and imperfect application by a human being. The 

principles of geology are but tools and the results accomplished 

by their use depend on the ability and genius of the man using 

them. 

TYPE OF STRUCTURES. 

There are two general types of structures tending to the accu- 

mulation of commercial oil pools. These are: 

1. Trap Structures. 

2. Retardation Structures. 

The first structures are those that effectively trap the oil while 

migrating through the rocks and prevent further migration as 

long as these structural conditions exist. The second type of 

structures are such that there is a continual flow of oil through 

them. The access of new oil, however, is greater than the loss, 

so that the commercial accumulation is the result of the retarda- 

tion of the oil migration. The structures of the first class hold 

an oil pool more or less indefinitely. The oil pool may disappear 

as the result of a subsequent structural disturbance such as ig- 

neous intrusions, complex-folding, regional metamorphism or 

exposure of the reservoir rocks at the surface by erosion. The 

oil pool in the second class of structure will tend to disappear as 

soon as all available oil is effectively concentrated along the chan- 

nel or direction of access. From that time on there will be a 

gradual dissipation of the accumulated oil. 

Trap Structures.—Trap structures contain the majority of the 

important accumulations of oil. They are not confined to any 

particular region or field but are of commercial importance in 

every producing region. The following are examples of such 

structures : 

1. Domes. 

A. Structural Domes. 

B. Saline Dome. 

C. Volcanic Domes (?). 
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to . Structural highs on an anticline. 

3. Anticline sealed by faults. 

4. Fissured rocks. 

5. Lenticular sands. 

It is well to realize that such a classification is not hard and in- 

flexible and that the accumulations of the oil in such a structure 

may be dissipated because of the presence of some interfering 

feature such as fractures and faults. 

Retardation Structures——The commercial importance of this 

class of structures is not nearly so great as that of the first class. 

In many fields their presence is of no commercial significance. 

Effective accumulations of oil in them are restricted and limited 

to certain fields. All these possess the common characteristics 

of very low dips and slight structural disturbances. The pro- 

ducing regions of North Central Texas,? of Oklahoma and of 

Ohio are examples of fields in which these structures frequently 

contain oil pools. Even in these regions we must. not lose sight 

of the fact that trap structures are the much more likely to yield 

production. The following are examples of structures of re- 

tardation : 

1. Structural terraces. 

Changes in the rate of dip. 

Structural valleys and ravines. 

Anticlinal noses. 

Asphalt sealed sands. 

1) 
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STRUCTURES AND OIL POOLS. 

It is well to realize that the presence of a structure does not 

necessarily indicate the presence of an oil pool. The following 

features must be considered in determining the likelihood of ob- 

taining production from any structure :* 

1. Characteristics of the formation. 

2. The lithological character of possible reservoirs. 

3. Structural characteristics. 

4. Geological history of the area investigated. 

3 Matteson, W. G., Econ. Geot., Vol. 14, pp. 97-147, 1910. 
4 See also: Lahee, F. H., Econ. Geot., Vol. 14, p. 410, 1919. 
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Characteristics of the Formation.—The problems of oil accu- 

mulation are intimately connected with the problem of its origin. 

The writer personally feels convinced that all important oil accu- 

mulations are the result of the chemical or bacterial alteration of 

organic remains and that the greater part of oil is formed in the 

fine-grained sediments, those that ultimately form shales and to 

a lesser extent sandstones. 

The lithological characteristics of the formations within reach 

of the drill are therefore of the utmost importance. We must 

know that these rocks were originally petroliferous, that is, car- 

ried the raw materials from which oil and gas could be produced. 

Marine strata, especially those showing evidence of shallow water 

or near shore conditions at the time of their deposition, are the 

most favorable. No important accumulations need be expected 

in rocks of strictly continental origin. 

Lithological Characteristics of Possible Reservoirs.—Another 

feature of importance to be considered is the presence of suitable 

reservoir rocks within or near this formation and so spaced and 

enclosed as to be capable of retaining the oil concentrated in 

them. Without such reservoirs it will be impossible to concen- 

trate the oil into a commercial pool. In possibly 95 per cent. of 

the producing fields sandstones or sands are the reservoirs. In 

any new structure or new field it is of the utmost importance to 

determine the following features if possible: 

A. Are the sandstones saturated with water? This will deter- 

mine the position of the pool in the structure. Ina dry sand the 

oil would be in the syncline or basin. In a saturated sand the 

oil would be near the crest of the dome or on the axis of the 

anticline., 

B. Are the sands lenticular or continuous? Lenses of sand 

may be too small in area to catch sufficient oil. Widely distrib- 

uted and continuous sandstone beds offer a large collecting sur- 

face to the migrating oil, a condition which is distinctly favorable. 

The shape of the sandstone beds is in many fields the factor deter- 

mining the accumulation. 

C. Are the sandstones porous or tightly cemented? An open 
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and friable sandstone has the pore space available to carry oil. 

Tight sandstones may not be worthy of consideration as pos- 

sible reservoirs. Frequently there are local differences in the 

degree of cementation and a sand open and porous in one spot 

may be tightly cemented in another. A realization of this fact 

may make it possible to avoid the areas of induration. Fre- 

quently this is impossible, but the knowledge that this feature 

prevails is of the utmost importance to the driller. 

D. Another feature to be considered is the position of the sand 

with respect to the petroliferous formation. The most effective 

migration of oil is probably in a vertical direction upward. A 

sand resting directly upon the petroleum-producing formation 

would therefore be in a much better position than a reservoir 

sand below the series. This is well shown in Wyoming by the 

Wall Creek sand which rests directly upon the marine shales of 

Benton age. These shales are compact and close-grained sedi- 

ments quite rich in organic matter and represent the most im- 

portant source of the Wyoming oils. At the base of these shales 

are the Muddy and the Greybull sands. While these carry oil 

and gas locally, they are nowhere as productive as the Wall 

Creek above. 

The presence of more than one sandstone or reservoir rock is 

an encouraging feature. It is of interest to know that the sand- 

stones must be much subordinate in quantity to the finer sedi- 

ments, and that whenever the sands dominate the likelihood of 

concentration of oil is decreased. It is also well to realize the 

fact that in the same structure certain sandstones may carry 

nothing but water while others may carry oil or gas or a mixture 

of both. The relative positions of water and oil sands are indefi- 

nite. The water horizons may be above or below the producing 

sand or may be interbedded in a number of such. 

Structural Characteristics —Structural characteristics are of 

prime importance in determining possibilities of accumulation. 

The following characteristics of the structure should be inves- 

tigated. 

A. Trap structures or retardation structures. 
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A structure of the trap type is the most favorable and is equally 

so no matter what field it happens to be located in. Structures 

of retardation, however, would not merit consideration in those 

oil fields where there is strong folding and prominent well de- 

fined structures, like those of the Rocky Mountains and California. 

In these fields dips up to the vertical occur, and the circulation 

of water proceeds so readily that the retardation in flow due toa 

terrace or structural ravine is usually insufficient to hold the oil 

in large enough quantities to merit exploitation. It is well to 

regard such structures with suspicion in all fields except those 

with very low dips. 

B. Surface and sub-surface structures. 

Very frequently it happens that a structure shown at the sur- 

face disappears in depth. In other cases it may become accen- 

tuated. This is due to the fact that the strata are not absolutely 

parallel, but converge more or less rapidly. This may be due to 

the fact that the sedimentary formations are lenticular, or it may 

be due to the fact that they are unconformable with each other. 

Thus the underlying rocks which carry the oil may have been 

folded previous to the deposition of the surface rocks. Subse- 

quent to the deposition of the latter the rocks may have been 

folded once more along the same general axis, thereby intensify- 

ing the fold in the lower formation. In the northern part of the 

Gulf Coastal Plains as at Homer, Louisiana, Corsicana, Texas, 

and also in the North Central Texas fields as at Burkburnett and 

Desdemona,°* there are only very slight structural disturbances 

in the rocks at the surface, but a much accentuated folding in the 

oil sands below. 

In other regions the relationship of the surface formations to 

the underlying oil producer may be such that an apparently favor- 

able structure in them, is of no value. Thus the structures in the 

Tertiary formations of the Rocky Mountain region, ordinarily 

afford no clew as to the attitude of the Cretaceous or older rocks 

below. 

5 Matteson, W. G., op. cit. also in Trans. Amer. Inst. Min. Eng., Vol. 59, 
PP. 435-491, 1918. 
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Relation to Other Structural Features——The oil structure, 

while favorable in form, may be so located as to preclude any 

expectation of large production. Thus, for example, in the 

Kansas oil fields the general dip of the formations is westward 

and the important drainage direction from which the oil comes is 

from the West. A structure that is located immediately to the 

East of another structure has therefore a somewhat unfavorable 

position, because the drainage from the West will be interrupted 

by the latter structure and if this be large enough it may trap 

and hold all the available oil. 

Geologic History.—Certain features of geologic history influ- 

ence productivity of an oil field. The date of folding or of 

formation of the structure, is of considerable significance. If 

the folding followed closely the period of the deposition of the 

rocks, it will be much more favorable than if a long period of 

time had previously elapsed. In the latter case there will be less 

tendency for a concentration of the oil. In the first case it might 

be concentrated as quickly as formed. The conditions following 

the deposition of the sediments are the conditions under which 

the formation of oil must have taken place. A great deal of vol- 

canic and igneous activity with its attendant structural disturb- 

ance tend to dissipate the oil. A.limited amount of igneous in- 

trusions would hasten distillation with a probable formation of 

a heavy black oil. Much structural disturbance would have the 

tendency to convert the oil into gas. The degree of metamor- 

phism determines the likelihood of finding petroleum. Excessive 

metamorphism is unfavorable. Metamorphism is a function of 

both age and pressure and consequently of structural disturbance. 

The greater the structural disturbance and the greater the age, 

the more pronounced the metamorphism. David White® has sug- 

gested that since the nature of the coals associated with oil- 

bearing rocks depends upon the stage of the metamorphism to 

which they have been subjected, the coals may serve as a cri- 

terion to measure its intensity. Thus it has been found that the 

percentage of carbon in coal increases in amount with the inten- 

6 White, David, Wash. Acad. Sci., Jour. Vol. 5, pp. 189-212, 1915. 
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sity of the metamorphism to which it has been subjected. When 

the percentage of carbon in coal exceeds 65 per cent. no oil pro- 

duction need be expected. Most of the important accumulations 

of oil occur in regions where the percentage of carbon in coal 

is less than 55 per cent.” It is well to carry in mind the fact 

that this generalization applies only to the formation in which 

the coal itself occurs and can not be applied to much younger 

and overlying rocks. 

SUMMARY. 

From the theoretic consideration discussed above it will be 

apparent that the following features will favor maximum accu- 

mulation of oil: 

1. Comparatively recent age of formations. 

2. Slight folding, very closely following the period of deposition. 

3. Rock originally rich in organic remains. 

Great geological age, excessive and intense folding, tend to the 

carbonization of the oil and to the production of gas. Rocks 

rich in fossils are not necessarily “ rocks rich in organic remains.” 

The shells of clams and oysters may accumulate in tremendous 

quantities without any accompanying preservation of the fleshy 

part of these animals. The presence of fossils therefore does 

not prove the presence of oil. 

ECONOMIC CONSIDERATIONS, 

It is, of course, evident that certain economic considerations 

are of the utmost importance in determining the advisability of 

drilling a particular structure. Indeed these may be more im- 

portant than geologic considerations and may make inadvisable 

the development of an area otherwise favorable. The indi- 

viduals and corporations using the best judgment in balancing 

these two sets of considerations against each other, achieve the 

greatest success in the petroleum industry. 

The economic considerations may be grouped under the fol- 

lowing headings: 

7 See also Myron L. Fuller; Econ. Geor., Vol. 14, p. 536, 1919. 
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. Depth of drilling. 

. Possible value of production. 

. Accessibility. 

Transportation facilities. 

Operating requirements. 

Legal status of lands. 

Depth of Drilling—The cost of operation increases rapidly 

with increasing depth; whenever the depth exceeds 3,000 feet 

the increase is startling. The writer doubts that a 3,000-foot 

wild cat well can be drilled in the Rockies for less than $100,000. 

In North Central Texas a similar hole could perhaps be drilled 

for one half this amount. In the Gulf Coastal Plains, by using 

a rotary drill, the cost can probably be reduced to $30,000. Each 

additional thousand feet will approximately double the cost of 

the well. Excessive depth to possible oil sands may make a 

structure unattractive. 

Possible Value of Production.—Seeps, outcrops of sands at 

the surface, records of other wells or other geologic features, 

may indicate the nature of the production to be expected. Prob- 

abilities may be in favor of gas, or black oil, or light paraffin 

oil. It may also be possible to form a conclusion as to the ap- 

proximate magnitude of the probable yield. Such conclusions 

are always dangerous, especially in wild-cat areas, and should 

only be received with credulence when made by geologists of 

wide experience and when backed by all the observed facts in the 

area under investigation. It is not possible to foretell the exact 

amount of the production to be expected from any well. 

Accessibility — Accessibility to labor markets, to supplies 

needed in drilling and development, to fuel and water, determine 

in part the cost of operations. Many areas may be so far dis- 

tant from markets and supply houses that a great deal of expen- 

sive and little used machinery and tools must be kept on hand 

to provide for possible emergencies that may never arise. 

Transportation Facilities ——To some extent transportation fa- 

cilities and accessibility go hand in hand. The presence of rail- 

road lines lowers the costs. Many of the Western areas favor- 
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able from the geological standpoint are without adequate railroad 

facilities. Transportation costs become exorbitant when all 

materials, supplies and fuel must be hauled by auto or team over 

poor roads, possibly fifty to one hundred miles from the rail- 

roads. In many cases roads must be built and maintained and 

even the water needed for drilling must be hauled many miles. 

Under such conditions, development is seriously handicapped not 

only because of the high cost of drilling, but also because of the 

exorbitant cost of marketing the oil produced. 

Operating Requirements——The requirements of drilling and 

operating and the royalties stipulated by the leases may be of 

such a nature as to destroy the attractiveness of a promising 

acreage. Legitimate concerns will not sign contracts to drill 

twenty wells on a wild cat structure, neither will they pay 40 

per cent. royalty. One eighth royalty is the accepted standard 

established as the basis of a fair working agreement between the 

producer and the property owner. High royalties quickly de- 

stroy the margin of profit to the producer. The incentive is to 

speed up production and to abandon the property before it is 

really exhausted. This results in an economic loss to the nation 

and, portentially, in a financial loss to the operating company 

and the land owner. The drilling of wells and the production of 

oil is a legitimate business activity. Experience has established 

principles of conduct and conditions of operation which can not 

be violated without incurring the danger of bankruptcy. 

Legal Status of Land.—Operators should assure themselves 

that the title to the land is clear and valid. All conflicting titles, 

no matter how flimsy, should be settled preceding development. 

After discovery of oil in commercial quantities, these can prob- 

ably not be settled except by expensive and perhaps drawn out 

litigation. 

Title of much of the prospective oil land in the West comes 

direct from the government in the form of oil placer claims.8 In 

many cases a number of different claimants have located the same 

8 For a comprehensive discussion of the oil placer law see: Ball, Max W., 
Trans. Amer. Inst. Min. Eng., Feb. 1914, 929-048. 
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acreage. In these cases it requires the nicest of legal acumen 

to determine the valid title. It appears to be the consensus of 

opinion that the claimant first discovering oil in commercial 

quantities has best title. 

Much of the land is homestead land taken up by the agricul- 

tural claimant under a specific waiver of mineral rights which 

are expressly reserved to the government subject to future legis- 

lation. Leases from the homesteader appear therefore to be 

invalid. Oil placer claims are frequently filed over such home- 

steads with or without the consent of the homesteader. Their 

status is doubtful, although the title may be the best obtainable 

under the present conditions. 

Much of the government land in the West will be leased di- 

rectly from the government on a royalty basis, subject to certain 

limitations as to the area of land so obtainable. 

DENVER, 
CoLoraDo. 



EDITORIAL 

GEOLOGY IN THE LAW. 

In the early discovery and development of the mining resources 

of the West, the individual camps shaped their own rules affect- 

ing the nature and size of claims, the formalities of registration 

and the security of titles. Great variety inevitably sprang up. 

Gold was practically the one metal sought, and miners were di- 

vided into placer miners and quartz miners. The latter felt much 

pride in their calling and were the aristocracy of the fraternity. 

When peace came after the strife of the Civil War, Congress 

felt at once the importance of encouraging in a liberal way the 

development of the western region, and addressed itself to codi- 

fying and systematizing the laws affecting discovery and owner- 

ship. The titles already existing, and the validity of customs, 

however variant, were recognized and established. For new loca- 

tions in the national domain a uniform system was adopted in 

1866, was finally revised in 1872, and was placed in the form in 

which it stands to-day. Claims were to be 1,500 feet long by 

600 feet wide, with parallel end lines. The grants were to cover 

“the exclusive right of possession and enjoyment of all the surface 
included within the lines of their locations, and of all veins, lodes, and 
ledges throughout their entire depth, the top or apex of which lies in- 
side of such surface lines, extended downward vertically, although such 
veins, lodes, or ledges may so far depart from a perpendicular in their 
course downward as to extend outside the vertical side lines of such 
surface locations. But their right of possession to such outside parts 
of such veins or ledges shall be confined to such portions thereof, as lie 
between vertical planes drawn downward as above described, through 
the end lines of their locations, so continued in their own direction, 
that such planes will intersect such exterior parts of such veins and 
ledges.” 

The Senators and Congressmen who formulated the statute 

were not themselves mining geologists, although had they wished, 
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they could have called and possibly they did call, upon the excep- 

tional talent which was available even as early as 1866. J. D. 

Whitney whose incomparable “ Metallic Wealth of the United 

States” had appeared in 1854, was in his full tide of work in 

California. W. P. Blake had then been studying western mines 

for sixteen years. There were others, of extended experience, 

whose advice was not beyond reach. In the interval between 1866 

and 1872 Frederick Prime, Jr., a graduate of the justly famous 

Mining Academy at Freiberg, had translated and published in 

New York in 1870 Von Cotta’s Ore Deposits. R. W. Raymond, 

another Freiberger had already been for four years Commissioner 

of Mining Statistics West of the Rocky Mountains and had for- 

mulated a proposed bill. One or more Schools of Mines or 

Courses in Mining had been established for some years before 

1872 and from the lecture desk of one, J. S. Newberry, who had 

had both university training in Paris and many years experience 

in the West was expounding the geological relations of ores. 

The formulators of the statute, however, had their minds 

focused on the prospector and the miner, rather than on the geolo- 

gist and the scientific man. They obviously meant to embody in 

the law the very general and not sharply defined conceptions of 

the prospector and miner, and to generously assure to the former 

the full reward for his privations in the wilderness. After the 

passage of the statute in 1872, less than four years elapsed before 

the now famous dispute arose at Eureka, Nevada, over the 

ownership of replacement bodies of silved-lead ore in limestone 

and over the extent of extra-lateral rights. We find Justice Field, 

in his decision, specifically rejecting the text book and the geolo- 

gists’ definition of a vein or lode; and interpreting the statute in 

accordance with the conceptions of the miner. The meaning of 

lode on the analogy with lode-stone and lode-star was interpreted 

as a continuous body of mineralized rock, lying between bound- 

aries and of such a nature as would /cad the miner on in his rea- 

sonable expectation of finding ore. Possibly only a few of the 

readers of this magazine may have actually seen Justice Field’s 
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full opinion! which was corroborated by all the higher Federal 

Courts up to and including the U. S. Supreme Court. A selection 

from it is given below. Justice Field states: 

“The use of the terms vein and lode in connection with each other 
in the act of 1866, and their use in connection with the term ledge in the 
act of 1872, would seem to indicate that it was the object of the legis- 
lator to avoid any limitation, in the application of the acts, which a 
scientific definition of any of these terms might impose. 

“Tt is difficult to give any definition of the term, as understood and 
used in the acts of Congress, which will not be subject to criticism. A 
fissure in the earth’s crust, an opening in its rocks and strata made 
by some force of nature, in which the mineral is deposited, would seem 
to be essential to the definition of lode, in the judgment of the geolo- 
gists. But to the practical miner the fissure and its walls are only of 
importance as indicating the boundaries within which he may look for 
and reasonably expect to find the ore he seeks. A continuous body of 
mineralized rock lying within any other well-defined boundaries on the 
earth’s surface and under it, would equally constitute, in his eyes, a 
lode. We are of opinion, therefore, that the term as used in the acts 
of Congress is applicable to any zone or belt of mineralized rock lying 
within boundaries clearly separating it from neighboring rock. It in- 
cludes, to use the language cited by counsel, a deposit of mineral matter, 
found through a mineralized zone or belt, coming from the same source, 
impressed with the same forms, and appearing to have been created by 
the same processes.” 

This decision of Justice Field, fully corroborated by all the 

higher courts pointed the way for other decisions which have fol- 

lowed and is justly esteemed as a classic by the legal fraternity. 

Every geologist, however, of wide experience with replacement 

ore-bodies underground, will readily grasp the difficulty of es- 

tablishing any general and universal rule for the boundaries of a 

lode. If we deal with one or more inclined limestone strata, each 

between well defined walls, and affected by replacement, there is 

little difficulty in establishing hanging-walls and foot-walls, but 

it may be a matter of great difficulty for the court to decide 

where, on strike or dip, with waning mineralization a stratum 

1 Tt may be ‘found in works on mining law, notably C. H. Shamel, “ Mining, 
Mineral and Geological Law,” pp. 169-173. Also in the reports of cases. 9 
Morr. M. Rep. 578, 4 Sawyer, 302. 
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ceases to be a lode. Mineralization, moreover, may be sporadic 

and may come in again beyond a greater or less area of unmin- 

eralized rock. The court, as does the miner, only gains his knowl- 

edge of the facts by developed workings down the dip or along 

the strike. The unknown is always ahead. If again, we deal 

with mineralized and replaced quartzites, or other sedimentary 

rocks, whose mineralization fades almost imperceptibly into the 

unaltered phases of the rock, perhaps to reassert itself farther 

on, the same difficulties in establishing boundaries arises. But, 

on the other hand, if one endeavors to apply the usual geological 

conceptions of a vein,—as due to circulations along a line of 

fracture.—to replacement bodies, distributed as they habitually 

are irregularly throughout a greatly disturbed series of sedi- 

ments, with cross-fractures, faults, joints, bedding planes, and 

brecciated areas, it is impossible to assign to each of these lines of 

circulation preferential importance in the introduction of the 

original ore-bearing solutions. The ore-bodies themselves are of 

all manner of shapes, sizes and relations. All the nomenclature 

of the subject would be of necessity called in. Chimneys, pipes, 

rake-veins, shoots, bonanzas, etc., would here and there find ap- 

plication. An interpretation of the replacement type of ore-body 

on the lines of typical so-called fissure-veins soon develops 

greater difficulties than does one on the “ broad lode” basis. Both 

‘witnesses and court, endeavoring to testify or to reason with ac- 

curacy and candor, almost inevitably are face to face with ques- 

tions which have to be decided on the basis of judgment rather 

than scientific accuracy. In consequence much superficial and 

unwarranted criticism is often directed by half-informed persons 

against both courts and witnesses, whereas the very general 

nature of the provisions inevitably admits and involves latitude 

in interpretation. Of course in this respect the so-called apex law 

is not unique among laws. As one grows older and experience 

widens, the impression of the great and endlessly variable nature 

of human society deepens. A professor in a university only 

needs to be on a committee whose duty it is to decide questions 

of eligibility for athletic teams, in order to learn how very com- 

plex an apparently simple matter may be. 
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If, again we consider disputes arising over veins as defined by 

geologists instead of replacement bodies, we find ourselves in 

difficulties scarcely less serious. Branching fractures of greater 

or less size are often present in areas of extended mineralization. 

Sericitization, pyritization, or other alteration and impregnation 

of the wall-rocks incident to vein-formation take place in all 

shades of intensity and with greater and greater inclusion of un- 

altered wall-rock in their ramifications. To decide where a vein, 

lode or ledge, under these circumstances ends, and where coun- 

try-rock begins, is not a matter of scientific accuracy, but the de- 

cision must often of necessity be arbitrarily made by the court. 

With regard, thus, to titles affecting mining property there is 

but one logical conclusion, that is, geology is out of place in the 

law, and ownership should not rest upon it, but upon definite sur- 

face monuments and boundaries. The constructive and helpful 

attitude is one which seeks revision and the establishment of 

boundaries of ownership capable of exact and not difficult defi- 

nition. The influence of all well-wishers and friends of the min- 

ing industry should be directed to obtaining such revision. As 

regards present titles under the existing law and the precedents 

established in the courts, one way out is found in combinations of 

disputatious holdings into large and comprehensive ownership. 

Litigious disputes are thus prevented. Many other advantages 

follow in the way of intelligent and economical development and 

administration. Butte is an instance in point. As another way 

out, companies having adjacent properties may of their own ac- 

cord agree to rights inside vertical planes i.e., to common law 

rights. Friendly relations then become normal and natural. Ex- 

perience gained by one company is at the disposal of the other. 

Bisbee is a case in point. 

Some years ago the Mining and Metallurgical Society of Amer- 

ica conducted an extremely valuable and suggestive discussion 

of this subject and exercised much influence on Senators and 

Congressmen specially qualified to take the matter up. It was 

the desire of the latter to revise all the laws affecting land owner- 

ship, coal-lands, lode-claims and placer claims at once. Before, 



264 EDITORIAL. 

however, the matter crystallized into legislation the European 

war broke out and matters incident to it have ever since occupied 

the stage. Sooner or later, however, revision as affecting new 

locations will inevitably come up again. New laws can easily be 

passed for new locations, but whether legislation can constitu- 

tionally be made in any respect retroactive is a question upon 

which the writer does not feel capable of expressing an opinion. 

Thus whether a time limit could be set for the assertion of extra- 

lateral rights at say ten years ahead, and that at the expiration of 

the time only developed ore-bodies could be claimed under it; and 

whether later than a fixed date common law rights would prevail. 

Prohibition for instance has come in and rightly or wrongly both 

by constitutional amendment and by statute has destroyed the 

value of many millions of investment, previously perfectly legal 

and deserving the protection of the law. The old customs and 

the theory of ownership of underground waters as in the cases 

against the City of Brooklyn and its pumping plants for municipal 

water supply on Long Island have been modified in recent deci- 

sions, which greatly curtail the City’s right to draw its water 

froin the ground. To the layman it would seem as if considera- 

tions believed to be of great public benefit sometimes find expres- 

sion and sometimes modify old principles. The quieting of titles 

to mining property is certainly one. 

In conclusion, it seems to the writer, that in revision the fol- 

lowing principles or practices should prevail for lode-claims. 

1. Ownership as in the common law inside of vertical planes 

passing through surface boundaries, as the legal phrase goes “ab 

orcu ad ccelum.” 

2. One claim and only one in each mining district to be located 

by any one individual and only by him in person, so as to avoid 

the present abuse of powers of attorney. Claims afterward to 

be subject to sale like any other property. 

3. A claim to be theoretically square in shape, and, in order to 

conform to the general and well-established practice of the Land 

Office, to be a quarter mile on a side, #.¢., to be one-sixteenth of a 

section or forty acres, a size not quite twice the full area of a 
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present-day claim. We compensate in this way for the restriction 

of each individual to a single claim. The sides should be laid out 

true north and south and east and west. The main feature of 

location is to be a central point where lines joining the middle 

points of opposite pairs of sides would intersect. This point being 

fixed by the discoverer would make the accurate location and re- 

vision of sides possible by a surveyor. 

4. Seniority of location to have right of way. 

5. Fractional claims necessarily permissible. 

6. Annual payments in cash, based on acreage, to be necessary 

to hold claims and so adjusted as to militate against the specu- 

lative and undeveloped holding of claims for long periods. In 

the absence of development the charges could be increasingly 

heavy as years passed. The introduction thus of a system of gov- 

ernmental leasing rather than patented ownership. 

7. Liberal interpretation of mineralization. Proper provisions 

regarding timber in conformity with present forest reserves. 

Other not difficult provisions for prompt registration, annual pay- 

ment, lapsing of title, etc., incidental to administration. 

J. F. Kemp. 
CoLuMBIA UNIVERSITY, 

New York, N. Y. 



DISCUSSION. 

This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should he attached to all communications. 

Sir: In reconnaissance plane table mapping it is often con- 

venient to use a slide rule for calculating difference in elevation, 

which is the product of the horizontal distance and the tangent of 

the vertical angle. The common slide rules give tangents from 

45° down to about 5° 45’, below which value the graduations fall 

to the left of the scale. Mostly the vertical angles are less than 5° 

and one has to use a table of natural tangents together with the 

graudations on the face of the slide. 

Dr. John M. Stetson, of the Sheffield Scientific School of Yale 

University, recently pointed out to me the fact that below 10° or 

so the value of the tangent of an angle is virtually equal to the 

radian measure of the angle. Therefore if the horizontal dis- 

tance is multiplied by the radian measure of the vertical angle, the 

product is the difference in elevation. 

The radian measure of an angle may be found by multiplying 

the number of minutes in the angle by 0.000291. 

Then 

E=H X aX 0.000291. 

where 

E = the difference in elevation of the two points, 

H = the horizontal distance between them, 

and 

a==the vertical angle in minutes. 

Thus with a horizontal distance of 1275 feet, a vertical angle 

of 3° 24’, the difference in elevation is found as follows: 
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It is as well not to bother with any rule for the decimal point. 

If the reading, disregarding the decimal point, is 756, one would 

know from the look of the land that it should be 76 (an approxi- 

mation to 75.6) rather than either 7.56 or 756 feet. 

The possibility of substituting the radian measure for the tan- 

gent in small angles is a matter of A—B-C to mathematicians, but 

appears to be worth calling to the attention of geologists. 

HAROLD S. PALMER. 
UnNIversiITy oF Hawall, 

Honotu vy, T. H. 



REVIEWS 

Mineral Deposits. By WatpeMAR LinpGREN. McGraw-Hill Book Co., 
Inc., New York, and Hill Publishing Co., Ltd., London. Price $6.00. 
The first edition of this new standard text-book appeared in 1913 and 

was reviewed at length by Professor C. F. Tolman, Jr., in this journal. 
In the second edition the original work has been thoroughly revised, new 
chapters have been added, and the text has been entirely reset. The 
new volume contains 957 pages and 284 illustrations as against 833 pages 
and 257 illustrations in the first edition, and has been brought as nearly 
as possible up to date by the inclusion of all pertinent material pub- 
lished up to 1919. It is not the intention of the present reviewer to 
retraverse the ground already covered by Professor Tolman in his ex- 
cellent summary with its accompanying discriminating comment, but 
rather to call attention to some of the changes introduced into the new 
edition and to direct attention to some features that passed unnoticed in 
the earlier review. 

One of the particular merits of the work is the arrangement of its 
subject matter in accordance with a suggestive genetic scheme of classi- 
fication based primarily on processes, and secondarily on temperature, 
of deposition. This scheme in mere outline, with most of the subclasses 
and the statements of temperature ranges omitted, is as follows: 
I. Deposits produced by mechanical processes of concentration. 

II. Deposits produced by chemical processes of concentration. 
A. In bodies of surface waters. 
B. In bodies of rocks. 

1. By concentration of substances contained in the geolog- 
ical body itself. 

2. Concentration effected by introduction of substances 
foreign to the rock. 

C. In magmas, by processes of differentiation. 
a. Magmatic deposits proper. 
b. Pegmatites. 

The reviewer believes that a few slight changes in wording would 
make this classification clearer and more logical. Under II., for ex- 
ample, are placed a number of types of deposit that have resulted from 
the operation of physical rather than strictly chemical processes and the 
compound word pliysico-chemical might be substituted for chemical. 
After A, the phrase Jn bodies of water on the Earth’s surface is sug- 

1 Vol. 9, pp. 192-204, 1913. 
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gested as more clearly descriptive of the deposition of saline residues. 
After B, the caption might run Jn or between bodies of rock within the 
Earth. After 1, under B, the suggested amendment is By concentration 
of substances already present in a body of rock; this would avoid the 
vagueness of geological body which might mean the whole Earth. After 
2, under B, the words Concentration effected might be omitted, the 
phrase, with slight additional changes, then reading By the introduction 
of substances foreign to the enclosing rock. The idea suggesting this 
alteration is that the introduction of foreign material into a rock is not 
strictly concentration although it may be a part of that process. After 
C, the line might read From magmas by crystallization. This change is 
prompted by the thought that pegmatites do not, as a rule, crystallize 
within magmas but are injected from magma reservoirs into neighbor- 
ing solid rock. Moreover, “ processes of differentiation ” would include, 
at least in part, some of the deposits under A and B. After a, which 
might perhaps better be r, would come Intra-magmatic deposits, or, if 
L. C. Graton’s? proposed term be adopted, Orthotectic deposits, instead 
of Magmatic deposits proper. Similarly, following Graton. the alter- 
native for Pegmatites would be Pneumotectic deposits. With these sug- 
gested changes, the scheme would appear as follows: 
I. Deposits produced by mechanical processes of concentration. 

II. Deposits produced by physico-chemical processes of concentration. 
A. In bodies of water on the earth’s surface. 
B. In or between bodies of rock within the earth. 

1. By concentration of substances already present in a 
body of rock. 

2. By the introduction of substances foreign to the enclos- 
ing rock. 

C. From magmas by crystallization. 
1. Intra-magmatic deposits (or orthotectic deposits). 
2. Pegmatites (or pneumotectic deposits). 

Headings given chapter rank in the new edition are The hematite de- 
posits of the Lake Superior region and Lead and zinc deposits in sedi- 
mentary rocks; origin independent of igneous activity. As regards the 
origin of both of these classes of deposits Professor Lindgren points out 
that there is still considerable diversity of opinion. For the lead and 
zinc deposits he considers that Siebenthal’s strong arguments in sup- 
port of deposition by ascending saline meteoric water of material leached 
from the underlying limestones has shifted the burden of proof to the 
proponents of other hypotheses. 

An entirely new chapter on Metallogenetic Epochs has been added to 
the second edition and a chapter on the calculation of rock analyses has 

2 This journal, Vol. 13, p. 85, 1918. 
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been dropped. The new chapter not only provides a very useful sum- 
mary of De Launay’s pioneer work on this subject but extends the dis- 
cussion of metallogenetic provinces to include all of the principal geo- 
graphic divisions of the globe, particularly North America. 

In his chapter on the chemical work of underground water, Mr. Lind- 
gren includes an exposition of what he has termed the “law of equal 
volume” which states that in metasomatic replacement “the replacing 
mineral occupies exactly the space formerly filled by the primary min- 
eral.” This generalization undoubtedly expresses what is often observed 
but, as Mr. Lindgren admits, it is not universal, and the reviewer is in- 
clined to doubt whether it can properly be called a natural law. It is 
unquestionably an important and stimulating observation drawn from a 
large body of facts, but we still lack satisfactory explanation of the 
operation of the supposed law. It is stated (p. 71) that ‘‘ Metasomatism 
by equal volume takes place in most perfect form when a rock is per- 
meated by stagnant or slowly moving solutions. When, as sometimes 
happens, the solutions move rapidly, the nice equilibrium is disturbed. 
Local excess of solution over deposition is then expressed in drusy or 
cellular structure, and the law of equal volumes may fail to hold.” What 
is actually observed here, however, is the porous texture, or an excep- 
tion to the law, and the rapidity of movement of the solutions is not an 
observed fact but an inference merely. This inference may not be the 
real explanation of the phenomenon. 

As a palliative to the foregoing criticism it may be observed that 
geology is not yet an exact science and “ Lindgren’s law” is quite likely 
to be accorded statutory rank by his appreciative geological colleagues. 

Igneous metamorphism as related to ore deposition is more fully and 
somewhat more broadly treated than in the first edition with the intro- 
duction of much more abundant illustration from recent literature. 

The chapter on the Oxidation of Metallic Ores has been greatly im- 
proved and is a very satisfactory concise treatment of the subject. One 
intprovement that the reviewer may perhaps be pardoned for noting 
with particular satisfaction is the adoption of the terms hypogene, 
supergene and protore in place of the unsatisfactory and often ambigu- 
ous primary, secondary and primary ore. While nomenclature is being 
mentioned, attention may be called to the redundancy of metallic in the 
heading of this chapter, as the author on page 4 of his Introduction de- 
fines ore as “that part of a geologic body from which the metal or metals 
that it contains may be extracted profitably.” This definition is believed 
to be essentially correct and in accord with the best usage although the 
reviewer would prefer to express it “A mineral or mineral aggregate 
from which one or more metals can be profitably extracted.” Mr. Lind- 
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gren has evidently recognized the inappropriate use made of the broad 
term mineralization by many writers on ore deposits and generally em- 
ploys metallization where he refers particularly to the process of ore 
deposition. He is not, however, quite consistent in this respect nor 
entirely accurate in his usage. He writes on page 912 for example of 
a “metallization of cinnabar”” whereas it would perhaps be better to say 
“metallization by quicksilver” or “metallization in quicksilver.” On 
page 916 “a feeble mineralization of copper and gold is observed” in- 
stead of slight metallization by copper and gold. A still smaller lapse in 
terminology is the use on page 571 of the term femic as applied to ferro- 
magnesian rocks. As the authors of this term have pointed out* this 
is not a proper application of their word and they have kindly coined a 
second term, mafic, for the use of those who might otherwise infringe. 

It is interesting in connection with the discussion of ore enrichment 
to note that Mr. Lindgren declines to accept as proved the contention, 
very ably supported, that chalcocite, covellite and bornite at Butte are 
in part hypogene. He favors the view that the real hypogene ore con- 
sists of pyrite and enargite and states (p. 858) that neither chal- 
cocite nor covellite has yet been proved to be a “ hypogene mineral in 
sulphide deposits of hypogene origin.” 

The volume is very satisfactorily printed, contains unusually few 
typographical errors and is closely indexed. 

In conclusion, the reader is again reminded of the limitations placed 
upon the reviewer of a second edition of a book whose original subject 
matter has already been fully and ably commented upon. The general 
excellence of the work is widely recognized by all competent judges. 
The volume is not an exhaustive compilation and its descriptive portions 
are illustrative of types and principles rather than omnivorously ency- 
clopedic. Its value lies in its clear presentation of these types and prin- 
ciples, its thorough accuracy and reliability of statement, the critical 
discrimination shown in selecting and classifying illustrative examples, 
and finally, the suggestiveness and incentive to further investigation 
that come from the masterly grouping of a great body of facts in rela- 
tion to a general scheme of origin. In the opinion of the reviewer no 
textbook on mineral deposits can compare with it as a well-rounded 
presentation of the subject to earnest, thoughtful students who are well 
grounded in geology, with adequate knowledge of physics and chemistry. 

F, L. Ransome. 

U. S. GroLocicaL SuRVEY, 
WasHInoctTon, D. C. 

3 Cross, Iddings, Pirsson and Washington, “ Modifications of the Quanti- 
tative System of Classification of Igneous Rocks,” Journal of Geology, Vol. 
20, pp. 559-561, 1912. 



SCIENTIFIC NOTES AND NEWS 

MAaLcoLm MACLAREN has gone to Algeria, 

S. R. Capps has obtained temporary leave from the U. S. Geo- 

logical Survey, and has gone to Turkey for geological work in oil. 

W. L. WHITEHEAD, recently of the Geological Department of 

the Massachusetts Institute of Technology, sailed March 20 for 

South America to carry on Geologic exploration in Bolivia, Ar- 

gentina, and Chile. 

E. C. Harper, who resigned from the U-. S. Geological Sur- 

vey, to be geologist for the Republic Mining and Manufacturing 

Co. is spending part time in Washington completing some of his 

reports. 

W. T. ScHALLER has resigned as chemist in the Division of 

Physical and Chemical Research, United States Geological Sur- 

vey, and has accepted a position with the Great Southern Sui- 

phur Co., Inc., of New Orleans, La., operating at Orla, Texas. 

J. B. TyrreELt, of Toronto, has been retained as consulting en- 

gineer by the National Mining Corporation, Ltd., of London, 

England. 

E. W. Suaw, G. L. Harrington, R. H. Sargent, E. C. Kirk 

and C. P. Ross have left the U. S. Geological Survey temporarily 

to carry on geological work in Bolivia for private interests. 

E. C. ANpREws has been appointed Government Geologist to 

the Mines Department of New South Wales, succeeding J. E. 

Carne, who has retired. 

W. C. PHALEN is leaving the U. S. Bureau of Mines to under- 

take geological work. 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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FREDERICK H. LAHEE, formerly professor of geology at the 

Massachusetts Institute of Technology, will take charge of the 

geological department of the Twin State Oil Co., at Tulsa, Okla- 

homa. Since the latter part of 1918 Mr. Lahee has been asso- 

ciate geologist for the Sun Oil Co., of Dallas, Texas, and he will 

maintain this connection together with his new work at Tulsa. 

E. T. Hancock, of the U. S. Geological Survey, has gone to 

Roumania to undertake Petroleum Geological work. 

D. F. Hewett, of Washington, D. C., has gone to Cuba to 

investigate manganese deposits in the island. He expects to re- 

turn to Washington about May 20. 

E. H. Fincu, of the U. S. Geological Survey, has joined the 

Shell Co. of California. 

ARTHUR L. Day announces a change of address from Corning 

Glass Works, Corning, New York, to Geophysical Laboratory, 

Washington ,D. C. 

K. C. HEALD, of the U. S. Geological Survey, has returned 

from South America. 

CuHEsTER K. WENTWORTH, assistant geologist in the U. S. Geo- 

logical Survey, has been making a survey of the coal fields of 

Virginia with the Geological Survey of Virginia. 

J. J. O’Nerti, B. R. Mackay, Bruce Rose, A. O. Hayes and 

W. J. Wright, recently of the Canadian Geological Survey, have 

sailed for foreign service in petroleum geology. 

FayeTtTE A. Jones, formerly president of the New Mexico 

School of Mines, a member of the United States Geological Sur- 

vey and State Geologist of New Mexico, has gone to visit Hon- 

duras, Nicaragua, Colombia and Venezuela, where he will ex- 

amine oil territory for a California syndicate. 

L. D. BurLIN AND J. S. STEWARD, recently of the Geological 

Survey of Canada, are now engaged in petroleum geology in the 

Americas. 

J. D. Sears has been appointed associate geologist on the U. S. 

Geological Survey. He was geologic aid on the Survey in 1915 

and 1916, and has since worked for the Sinclair Oil Corporation 
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in Costa Rica and Panama. During that time he also surveyed 

the manganese deposits of Panama for the Survey. 

Lortus HILts has been appointed Government Geologist for 

Tasmania, succeeding the late W. H. Twelvetrees. He served 

for three and one half years in the mining corps attached to the 

Australian Expeditionary Forces in Europe. Last month he re- 

ceived the degree of D.Sc. from the Hobart University. 

EuGENE LIty, formerly geologist with the Greenwood Com- 

pany of Minneapolis, Kansas City, Mo., is now with the White 

Oil Corporation of Wichita Falls, Texas. 

L. A. BARTON AND ORRIN P. PETERSON have opened a consult- 

ing engineering office at 31 Nassau Street, New York City. Mr. 

Peterson is a mining geologist.and Mr. Barton a petroleum engi- 

neer. The latter also has an office at Shreveport, La. 

THE HaypEN MemorrAL GeoLocicaL MeEpaAL for distin- 

guished work in geology or paleontology for 1920 was awarded 

to Professor T. C. Chamberlin, of the University of Chicago. 

F. C. Lorine, of Toronto, has been to London, where he was 

examining mining properties in the Procupine area for an Eng- 

lish mining syndicate. 

Witut1AM T. NicHTrNncace has resigned from the staff of the 

Washington State Geological Survey, and has gone to England 

to work for the Whitehall Petroleum Co. 

A. H. Fay has resigned from the U. S. Bureau of Mines, and 

will do private consulting geological work in the mid-continental 

oil field. 

H. W. Turner has gone to Elko county, Nevada, on examina- 

tion work. 

H. L. F. Biaxe has left Quebec with a party to explore the 

Ungava region of northern Quebec. The expedition is in the in- 

terests of a British syndicate planning to develop the mineral re- 

sources of the rigon. They will return in October. 

PHILIP ARGALL is visiting Australia and New Zealand. 
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W. H. TWELVETREES, who was government geologist for Tas- 

mania for over twenty years, died on November 7, at the age of 

71. He was born in England and educated at London and Ham- 

burg. He spent ten years among the Russian copper mines, and 

ten more at the silver-lead mines in Asia Minor. He also spent 

several years in Australia. He has written several valuable ar- 

ticles on geological and mining subjects. 

Dr. ALFRED J. Moses, professor of mineralogy in Columbia 

University, died at the age of sixty-one years. 

THE FIFTH annual meeting of the American Association of 

Petroleum Geologists was held in Dallas, Texas, March 18-20. 

About 300 members and 100 visitors registered. 

At the Thursday morning session the following papers devoted 

to New Mexico and Northwestern Texas were read: “ The Geol- 

ogy of New Mexico as an index to probable oil resources,” by 

J. K. Knox; “The Stratigraphy of northeastern New Mexico,” 

by D: L. Garrett ; “ Oil possibilities of northeastern New Mexico,” 

by W. G. Matteson; “ Types of structure at Amarillo, Texas,” by 

C. N. Gould. 

Tue Thursday afternoon session dealt with Louisiana and 

Texas fields: the papers read were “ The structure of northwest 

Louisiana,” by Chester A. Hammill; “The Sabine uplift,” by 

Sidney Powers; “Some problems of the Louisiana oil fields,” 

by Irving Perrins; “The geological structure of Eastland and 

Stephens Counties, Texas,” by H. H. Adams; “ Position of the 

Ellenberger formation in north central Texas,” by E. H. Sellards; 

“Unconformities in the Texas Permian,” by J. W. Beede; “ Sug- 

gestions of a new method of making underground observations,” 

by J. A. Udden. 

AT the Thursday evening session, George Otis Smith spoke on 

“The Public Service Opportunity of the Oil Geologist,” which 

was followed by a reception and smoker. 

On Friday the following papers were given: “Decline of 

Ranger oil field,” by E. A. Stephenson and H. R. Bennett; “ De- 
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cline curve predictions,” by G. H. Alvey; “ Inter-relation of folds 

of Osage Co., Oklahoma,” by C. V. Milligen; “Criticism of 10 

to I increase in Barrel Day prices,’ by J. L. Tweedy; “ Barrel 

Day versus One Day Costs,” by R. H .Johnson and A. W. Foster; 

“Concentration Process in Sandstone,’ by R. H. Johnson; 

Work of California State Mining Bureau, by R. P. McLaugh- 

lin; “ Origin of the Domes of Central Kansas,” by Eliot Black- 

welder ; “ The Relation of Granite to Oil Production in Kansas,” 

by R. C. Moore and F. L. Martin; “ The outcrop of basic igneous 

rock in north central Kansas,’ by R. C. Moore and W. P. 

Haynes; “ Pennsylvanian sedimentation around Healdton Island, 

Okla., by J. W. Merritt; “ Pre-Pennsylvanian development in 

Oklahoma,” by C. W. Shannon; “Recent oil developments in 

West Virginia,” by D. A. Reger; “ Notes on the Canadian Foot- 

hills Belt,” by Wesley Purdy; “ The New Trenton development,” 

by F. W. DeWolf; “Blue Sky Laws of Illinois,’ by F. W. 

DeWolf; “ Development of oil and gas in Wyoming,” by C. H. 

Wegemann; “ Petroleum investigations in Switzerland,” by Ed- 

ward Bloesch; “The Petroleum Production Engineer and His 

Relation to Future Production,’ by A. W. Ambrose; “ The oil 

shale industry, with an outline of methods of distillation,’ by 

Earl A. Trager. 

The following papers were read by title: “ Types of structure 

in Chaves County, Texas,” J. W. Merritt; “ Problems of produc- 

tion and methods of solving them,” T. E. Swigart; “Oil shales 

of Wyoming,” E. F. Schram; “ Recent oil developments in Cali- 

fornia,’ R. B. Moran; “ Some geological problems in oil and gas 

recovery in Kentucky,” by W. R. Jillson; “ Probability of oil and 

gas in Montana,” by J. P. Rowe. 

The following officers were elected for the coming year: Presi- 

dent, Wallace E. Pratt, Chief Geologist, Humble Oil Company, 

Fort Worth, Texas; Vice-President, Alex W. McCoy, Consult- 

ing Geologist, Bartlesville, Oklahoma; Secretary-Treasurer, 

Charles E. Decker, Associate Professor, University of Kansas, 

Lawrence, Kansas. 




